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SECTION  I 


INTRO-  TION 

Bird  hazards  to  high  speed  aircraft  have  become  one  of  the  major  flight 
safety  problem  areas  of  the  jet  age.  The  chances  of  hitting  a  bird 
while  flying  over  the  North  American  continent  are  greac  because  of  the 
vast  populations  and  species  of  birds.  Although  breeding  in  the  Arctic 
tundra  or  large  areas  of  Alaska  and  Canada,  and  wintering  in  the  more 
temperate  climates  of  the  United  States,  Central  and  South  America, 
large  numbers  fly  the  intervening  routes. 

Birds  generally  mi grace  twice  a  year  in  a  North-South  direction  and  air¬ 
craft  quite  often  fly  East-West  missions  which  cross  bird  migration 
pathways.  Further,  the  airport  perimeter  Is  replete  with  sources  of 
food  and  attractive  lodging.  Consequently,  these  situations  supply 
almost  limitless  opportunities  for  aircraft/bird  collisions  to  occur. 

The  purpose  of  this  study  program  was  to  determine  the  adequacy  of  exist¬ 
ing  windshield  bird-impact  design  criteria  relative  to  existing  and 
future  low-level,  high  speed  missions.  Generally,  it  was  concluded  from 
the  study  that  the  existing  criteria  was  found  to  be  inadequate  except 
for  commercial  aircraft  certificated  to  FAA  bird  impact  requirements  and 
conservatively  flown  at  reduced  speeds  below  10,000  feet. 

The  program  was  directed  toward  evaluating  a  significant  segment  of  the 
copious  worldwide  information  pertinent  to  cause  and  effect  relationships 
of  the  bird  hazard  to  aircraft. 

Section  II  presents  detailed  information  on  the  bird  species  involved  in 
collisions  with  aircraft.  Thirty-two  birds  were  identified  In  various 
Air  Force  and  commercial  aircraft/bird  Incident  reports  occurring  in 
CONUS,  but  in  many  cases  only  a  generic  identity  was  made,  such  as 
"duck".  Thus,  this  study  Includes  a  detailed  examination  of  200  species. 
It  was  found  that  twenty  billion  birds,  representing  over  six  hundred 
species,  frequent  the  United  States. 
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Worldwide  incident  reports  were  collated,  analyzed,  and  succinct  studies 
of  data  obtained  were  conducted  end  developed  In  Section  III.  Included 
were  descriptive  statistical  presentations  establishing  the  relationship 
of  the  vulnerabiliiy  of  aircraft  components  to  bird  strikes,  the  fre¬ 
quency  of  strikes,  phases  of  flight  and  critical  altitudes  at  which 
strikes  occur,  bird  weights,  aircraft  speeds,  and  the  anticipated  monthly 
impact  rate. 

Section  IV  Includes  predictable  and  probability  studies  to  establish 
bird  strike  predictions  per  million  flight  hours,  predictions  for  deter¬ 
mining  the  frequency  of  strikes  on  wlmlihields/canopies  and  support 
structure,  normal  distribution  statistical  studies  to  determine  an 
acceptable  bird  weight  required  for  design  criteria,  and  the  Poisson's 
statistical  distribution  to  predict  bird  strikes  by  bird  weight  per 
altitude  range  for  a  five-year  period. 

Many  aircraft  in  the  current  USAF  inventory  were  not  designed  to  meet 
bird  impact  requirements.  These  aircraft  offer  only  marginal  protection 
of  the  flight  crew  against  bird  Impact  and  some  are  single-ang’ne  air¬ 
craft  susceptible  to  engine  bird  ingestion.  In  Section  V,  four  distinct 
procedures  were  developed,  which,  when  implemented,  would  greatly  reduce 
the  bird  strike  frequencies  for  these  aircraft. 

In  an  endeavor  to  enhance  the  successful  design  of  subsequent  windshields/ 
canopies  and  support  structure.  Section  VI  identifies  recommendation?  for 
future  design  criteria.  Inclusive  In  Section  VI  are  critical  parameters  J 
necessary  for  evaluating  subsequent  designs,  verification  testing,  unique 
testing  requirements  f.nd  operational  requirements.  Since  the  forces 
associated  with  the  Impact  of  birds  are  of  such  great  magnitude,  precise 
failure  mechanics  methodology  has  been  Illusive.  An  Initial  attempt  was 
made  to  show  the  relationship  between  the  various  weights  of  birds  impact¬ 
ing  the  wlndshleld/cancples  nd  support  structure  at  various  speeds,  and 
the  resulting  peak  Impact  forces. 


2 


In  Section  VII  a  summarization  is  presented  to  show  the  effect  of  changes 
to  airports  that  can  reduce  the  attractiveness  to  birds.  Since  at  least 
50%  of  the  aircraft/bird  incidents  occur  during  takoff/landing,  these 
bird  strike  alleviation  techniques  could  greatly  reduce  the  frequency  of 
these  strikes. 

Section  VIII  presents  a  summarization  of  programs  that  have  been  accom¬ 
plished  and  directed  toward  bird  collision  avoidance  techniques.  Poten¬ 
tially,  the  development  of  these  techniques  could  reduce  the  frequency 
of  bird  strikes  up  to  50%  of  the  total  strikes.  Programs  include  strobe 
lights,  microwave  techniques,  and  the  extensive  use  of  radar  systems. 

The  salient  points  of  this  study  program  were  combined  in  Section  IX  to 
show  how  these  broad  relationships  could  be  implemented  in  the  design 
of  future  USAF  aircraft.  Pertinent  discussions  were  presented  on:  the 
risk  of  not  designing  future  crew  compartments  for  bird  impact;  critical 
factors  related  to  designing  for  bird  impact;  recommendations  for  the 
establishment  of  safe  speeds  for  bird  impact  on  production  type  wind¬ 
shields/windows;  bird  impact  verification  testing  ana  associated  costs; 
consideration  fur  the  installation  of  mechanical  devices  for  bird  avoid¬ 
ance;  and  the  protection  of  components  other  than  windshields  which  are 
vulnerable  to  bird  impact. 

Conclusions  and  recommendations  based  on  this  study  are  noted  in 
Section  X. 


SECTION  II 


THE  PHENOMENA  OF  SELECTED  BIRDS  IN  THE  CONTINENTAL  UNITED  STATES 

The  endeavor  to  define  bird  impact  design  criteria  for  windshield/ 
canopy  and  support  structure  to  a  high  degree  cf  confidence  must  neces¬ 
sarily  start  with  a  study  of  the  phenomena  of  birds. 

It  has  been  determined  that  there  are  over  600  species  of  birds  that 
are  resident  or  migratory  in  North  America  as  observed  north  of  the 
Mexican  border.  This  estimated  bird  population  of  these  600  or  more 
species  is  20  billion  as  noted  in  Reference  6. 

For  this  study  the  most  recent  annual  F.A.A.  and  U.S.A.F.  aircraft  inci¬ 
dent  reports  of  aircraft/blrd  collisions  were  selected  to  determine  the 
identification  of  those  birds  struck.  A  study  of  three  years  of  air¬ 
craft  incidents  for  the  fleet  of  U.S.A.F.  B-52  airplanes  flying  train¬ 
ing  missions  within  tue  continental  United  States  were  selected  for 
comparative  purposes  to  represent  additional  flight  conditions. 

From  these  aircraft  incident  reports,  the  birds  that  were  identified  and 
the  frequency  of  collisions  is  noted  in  Table  I. 

In  an  effort  to  gain  insight  and  an  overview  of  associated  bird  problems, 
the  works  of  ornithologists,  biologists,  wildlife  research  specialists, 
the  Audubon  Society,  and  others  were  extensively  reviewed  for  pertinent 
information.  Subsequent  paragraphs  present  these  findings  in  abstract 
format.  Unless  noted  by  other  reference,  the  bird  weights  were  obtained 
from  the  National  Research  Council  of  Canada  Field  Note  No.  51 
(Reference  5).  The  identification  and  migration  of  birds  was  determined 
from  "Birds  of  North  America"  (Reference  6).  The  population  densities 
were  obtained  from  the  works  of  Seaman  (Reference  7),  Bellrose  (Reference 
8),  and  the  best  estimate  obtainable  from  the  Wildlife  Research  Center. 

The  bird  Incident  reports  usually  identified  the  bird  involved  by  a  gen¬ 
eral  name  such  as  "duck".  In  this  study  all  of  the  species  were  studied 
to  determine  all  of  the  peculiarities.  As  an  example,  under  "ducks" 
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It  was  found  that  34  species  frequented  the  continental  United  States. 


The  species  of  birds  studied  are  presented  In  the  sequences  noted  in 
Table  I  and  there  was  no  attempt  to  categorize  the  species  by  their 
Orders. 
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TABLE  I 


IDENTIFIED  BIRDS  INVOLVED  IN  AIRCRAFT  COLLISIONS 


BIRDS'  NAMES 
NOTED  IN  i 
INCIDENT  | 
REPORTS  • 


Gulls/Terns  1 
Ducks  » 

Buzzards/Vul tures| 
Hawks/Falcons  ® 

Pigeons/Doves  # 

Geese 
Robins 

Herons/Storks/ 

Egrets 

Owls 

Blackbirds 

Starlings 

Larks 

Sparrows 

Cranes 

Pheasants 

Crows 

Pelicans 

Eagles 

Frigate  Birds 

Loons 

Plovers 

Curlews 

Sandpipers 

Puffins 

Thrushes 

Wilson  Snipes 

Veerys 

Bats 

Albatrosses 


Totals 


REFERENCES: 


NUMBER  OF  BIRD  STRIKES 


FAA 

Commercial 
Aircraft  USAF 

'71-'72  1972 


57 

19 

8 

13 

23 

9 

3 

1 


25 

18 

13 

11 

5 


4 


4 
3 

5 
2 
3 
3 
3 


1 

1 

1 

3 

1 

1 


3 

4 
2 
4 
1 
1 

1 

1 

1 


1 


1 


1 

6 


1 

1 

9 

2 


171 


110 


,  2 


USAF 

B-52 

Aircraft 
*65- ' 67 


9 

27 

9 

-t 

/ 

0 

11 

8 

3 

1 

2 

2 


1 


80 
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Gulls  are  sea  birds  of  the  Order  Charadrll formes.  Family  Laridae,  and 
are  probably  one  of  the  most  adaptable  birds  in  existence. 

There  are  44  species  of  gulls  throughout  the  world,  (Reference  9  ),  with 
as  <T3ny  as  fifteen  of  the  species  that  live  and  breed  In  the  Continental 
United  States.  The  species  located  in  the  United  States  range  in  sizj 
from  the  Great  Black-backed  Gull  (Larus  marinus),  ma^mum  weight  four 
pounds,  to  the  Mew  Gull  (Larus  canus),  minimum  weight  2/3  pound. 

It  is  believed  that  gulls  have  a  potential  life  span  of  fifty  years 
and  upward  (Reference  10). 

Generally  when  gulls  are  in  flight  they  take  advantage  of  updrafts  and 
eddy  currents  and  often  glide  motionless  in  a  thermal  current  when  fly 
ing  to  their  nightly  roosting  areas. 

Most  gulls  have  variable  diets  for  which  foods  are  conveniently  avail¬ 
able,  including  small  fish,  clams,  oysters,  dead  fish,  garbage,  animals 
such  as  rabbits  and  rodents,  worms  and  insects.  The  Black-backed  Gulls 
are  also  predators  and  eat  the  eggs  and  young  of  other  gulls,  as  well 
as  the  Shearwater  and  Puffin  birds. 

Generally  gulls  breed  on  prairies  or  marshes.  They  occasionally  nest 
in  trees  and  more  recently  have  begun  nesting  on  ledges  of  buildings. 


An  estimate  of  the  total  number  of  gulls  that  frequent  the  Coastal 
Regions  and  breed  in  the  United  States  could  easily  reach  one  and  one- 
half  million  at  peak  periods.  This  estimate  Is  based  on  extrapolations 
of  studies  conducted  by  Cogswell  In  the  San  Francisco  Bay  area  and  by 
Drury  and  Nisbet  in  the  New  England  area. 

Cogswell  (Reference  11),  started  a  study  of  the  123-mile  shoreline  of 
South  San  Francisco  Bay  area  and  200-mile  North  Bay  area  in  July  1968 
to  determine  the  number  of  gulls  frequenting  the  area.  In  the  Bay 
Region  are  five  ma^or  airports  including  Moffett  Naval  Air  Station, 
Travis  Air  Force  Base  and  the  Alameda  Naval  Air  Station.  In  this  area 
there  are  15  garbage  disposal  sites  and  10  sites  where  rubbish  only  is 
handled.  By  actual  counts  there  would  be  approximately  2000  gulls 
feeding  at  each  garbage  site  and  another  10,000-15,000  loafing  or  bath¬ 
ing  in  the  nearby  areas.  It  was  estimated  that  a  total  of  145,000  gulls 
were  In  the  area  In  mid-December  and  declined  to  approximately  3600  In 
June.  There  were  seven  gull  species  noted  In  the  peak  period  of 
December  Including  Herring,  Glaucous,  Glaucous-winged,  California, 
Bonaparte's,  Ring-billed  and  Western  Gulls.  After  the  migrations  were 
completed  In  July,  only  the  California,  Western,  and  Ring-billed  Gulls 
remained. 
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Drury  and  Nlsbet  (Reference  12),  conducted  a  study  in  1969  tho 
Herring  Gulls  along  the  New  England,  Atlantic  and  Gulf  Coast  areas  and 
determined  that  the  count  was  approximately  700,000  and  double-:,  every 
12  to  15  years.  The  douoling  of  Herring  Gulls  has  taken  place  regularly 
since  1900  with  no  indication  of  this  rate  lessening. 

Considering  these  two  studies  as  a  basis  for  an  estimate,  the  total 
number  of  gulls  during  fall,  winter,  and  spring  months  could  easily 
reach  one  and  one-half  million  for  all  fifteen  species.  It  can  be  con¬ 
cluded  also  that  Herring  Gulls  and  Glaucous  Gulls  account  for  over  a 
million  ’n  this  estimate.  A  bird  in  these  species  may  weigh  approxi¬ 
mately  four  pounds. 

All  gulls  colonize,  but  when  traveling,  their  flights  are  random  and  in 
small  groups.  The  distributions  of  gulls  throughout  tne  United  States 
are  shown  in  Figures  1  through  7. 
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Western  Gull  (Lartis  occidentals)  -  Weight  maximum  Is  4  pounds; 

(Reference  13);  wing  span  of  55  Inches;  a  permanent  resident 
along  the  coast. 

Glaucous-winged  Gull  (Larus  alaucescens)  -  Weight  average  Is  2  pounds; 
winters  along  coc«*t  only. 

Heermann's  Gull  (Larus  heermannl)  -  A  small  gull  that  resides  along  the 
coast  except  In  spring  breeds  on  offshore  islands, 

r 

Mew  Gull  (Larus  canus)  -  The  smallest  gull,  weighing  an  average  of  2/3 
pound  and  a  maximum  of  one  pound;  in-flight  the  density  is 
approximately  5/1000  cubic  feet;  winters  along  the  coast  only. 

California  Gull  (Larus  callfornlcus)  -  Slightly  smaller  than  the  Herring 
Gull;  resides  along  the  coast  except  breeds  Inland  In  north¬ 
eastern  California,  northern  North  Dakota,  and  Canada. 

Black-legged  Klttlwake  (Rissa  tridactyla)  -  A  small  gull  that  winters 
off  the  West  Coast  and  New  England  Coast;  generally  follow 
ocean  steamers. 


K1 ttlwake 
wintering 
area 
(off  coast) 


K1 ttlwake  wintering 
area  (off  coast) - 


FIGURE  1 


Gulls  Frequenting  the  West  Coast  Only 


Ring-billed  Gull  (Larus  delawarensis)  -  Weight  average  is  1-1/2  pounds. 
Winters  along  both  coasts  and  the  Great  Lakes;  breeds  in 
Oregon,  Colorado,  North  Dakota,  and  Wisconsin. 


Spring  migration  of 
Ring-billed  Gulls  pass 
this  area  in 
April 


Breeding  areas 


Wintering 
area  — 


Migratory 
range  — 


Wintering 
areas 


FIGURE  2 

Distribution  of  Ring-billed  Gull 


Franklin's  Gull  (Larus  pipixcan)  -  Commonly  referred  to  as  Gull  of  the 
Prairie;  feeds  on  insects  and  fishes  streams  and  lakes; 
winters  from  Gulf  Coast  of  Texas  and  Louisiana  into  South 
America;  breeds  in  South  Dakota,  Iowa,  and  Minnesota.  The 
average  weight  is  approximately  the  same  as  the  Mew  Gull 
which  is  2/3  of  a  pound. 


Distribution  of  Franklin's  Gull 


Herring  Gull  (Larus  argentatus)  -  Minimum  weight  of  2-1/2  pounds  to 

maximum  weight  of  4  pounds;  in  flight  th*  density  is  2/1000 
cubic  feet;  is  most  common  gull  with  upward  of  one  million 
In  the  United  States  at  peak  periods;  moults  in  fall;  may 
nest  in  Maine  and  upper  New  York.  During  migration  those 
that  mate  in  Labrador  do  not  arrive  there  until  after  May  1. 


Migratory  range 


Breeding  areas. 


Wintering 
area 

Spring  migration 
cf  Herring  Gulls 
pass  this  area  In 
March  and  reach 
Canada  In  May 


Breeding  areas 


FIGURE  4 


Distribution  of  Herring  Gulls 
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Great  Black-backed  Gull  (Larus  marlnusj  -  The  largest  gulls,  has  wing 

span  of  65  inches;  in  addition  to  regular  diet  is  also  a  1 

predator  of  other  gulls,  birds  ars-J  small  animals;  winters 
along  East  Coast  and  Great.  Lakes  area:  rapidly  increasing 
in  numbers;  when  traveling  the  density  is  approximately 
2/1000  cubic  feet. 

Glaucous  Gull  (Larus  hytiarboreus)  -  Slightly  larger  wing  span  than  the 
Herring  Gull  with  60  inches  span;  travels  with  Herring  Gulls; 
winters  in  Great  Lakes  area.  Long  island*  New  Y^rk  and 
occasionally  Monterey,  California;  nests  on  small  islands  in 
far  north,  occasionally  follows  ocean  yessels, 

Iceland  Gull  (Larus  glaucoldes)  About  the  same  weight  as  the  Herring 
Gull  (4  pounds);  winters  along  the  New  England  Coast;  the 
number  of  birds  is  small. 
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Gulls  Cannon  to  the  East  Coast 
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Ducks  are  waterfowl  of  the  Order  Ans eri formes ,  Family  Anatidae,  and 
are  divided  into  five  subfamilies.  It  has  been  estimated  that  there 
are  90  million  ducks  that  migrate  through  the  United  States  in  the  fall. 

Surface-feeding  ducks  are  the  first  of  the  five  duck  subfamilies 
(Anatinae)  that  consists  of  thirteen  species  in  the  continental  United 
States.  They  obtain  their  food  from  shallow  rivers,  lakes  or  marshes. 

As  a  general  rule  these  ducks  number  40  to  50  in  a  flock.  Generally, 
they  nest  on  the  ground,  usually  under  tall  bushes,  grass  or  marsh 
grasses  hidden  from  view.  Their  eggs  number  four  or  five  to  a  dozen  or 
more.  When  these  ducks  take  flight  from  the  water  it  is  almost  straight 
up.  The  13  species  are  the  following: 

Mallard  (Anas  platyrhynchos)  -  Average  weight  is  2.3  pounds;  maximum 
weight  is  4  pounds;  wingspread  is  36  inches;  and  when 
migrating  the  flock  density  is  17/1000  cubic  feet.  Histor¬ 
ically,  Mallards  have  been  a  source  of  countless  tons  of  food 
for  thousands  of  years  to  mankind.  Mallards  feed  on  grass, 
seeds,  aquatic  plants,  grain,  nuts,  acorns,  fruits,  and  wild 
rice.  They  also  feed  cn  crayfish,  flies,  grasshoppers, 
beetles,  bugs,  mollusks,  earthworms  and  crustaceans. 

Mallards  are  often  found  with  Slack  Ducks  and  Pintails. 
Mallards  are  found  throughout  the  United  States  during 
winter,  and  breed  in  Washington,  Idaho,  Montana,  Wyoming, 
North  Dakota,  South  Dakota,  Wisconsin,  Michigan,  Ohio, 

New  York,  Indiana,  Illinois,  Pennsylvania,  Vermont,  New 
Hampshire,  Massachusetts,  Connecticut,  and  New  Jersey. 
Mallards  are  the  most  abundant  species  found  in  the  Missis¬ 
sippi  Valley. 

Mexican  Duck  (Anas  diazi)  -  Rare  and  local  resident  in  upper  Rio  Grande 
Valley  into  New  Mexico.  Weighs  less  than  3  pounds;  resembles 
the  female  Mallard  in  coloring  and  marking;  likes  same 
surroundings  as  the  Mallard. 

Black  Duck  (Anas  rubripes)  -  Average  weight  is  2.4  pounds;  maximum 

weight  is  3-1/2  pounds;  wingspread  is  36  inches.  The  most 
abundant  surface  feeding  duck  in  the  eastern  half  of  the 
United  States.  Its  habitat  and  food  is  the  same  as  that  of 
the  Mallard.  It  breeds  in  the  states  surrounding  the  Great 
Lakes  and  in  the  New  England  States.  These  ducks  feed  at 
dawn,  dusk  and  during  the  night. 
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Mottled  Duck  (Anas  fulvigula)  -  Smaller  and  iarker  than  the  Mallard. 

Mottled  Ducks  use  the  same  marshes  as  Mallards  and  Black 
Ducks  along  the  coasts  of  Texas,  Louisiana,  Mississippi,  and 
lower  Florida  where  the  Mottled  Duck  is  a  resident. 

Pintail  (Anas  acuta)  -  Average  weight  is  1 .5  pounds;  maximum  weight  is 
3.4  pounds;  wingspread  is  35  inches;  during  migration  flocks 
are  huge  and  the  flock  density  is  5/1000  cubic  feet.  The 
most  widely  distributed  duck  In  the  continental  United  States 
during  the  winter.  Its  habitat  ,  id  food  is  similar  to  the 
Mallard.  It  breeds  in  the  northwestern  States  from  Minnesota 
and  Iowa  to  the  West  Coast  States  of  Washington,  Oregon  and 
Northern  California  on  lakes,  ponds,  and  bays. 

Gadwall  (Anas  strepera)  -  Average  weight  is  1,-i  pounds;  maximum  weight 
is  3.0  pounds;  wingspread  is  35  inc.c-s;  rarely  congregates 
in  large  flocks;  the  most  cosmopolitan  of  all  ducks.  The 
Gadwall  is  unconmon  and  when  found  my  be  seen  with  Pintail 
and  Widgeon  Ducks.  It  Is  a  resident  along  the  coastal 
regions  of  California,  Oregon  and  Washington;  also  breeds  in 
Idaho,  Wyoming,  Montana,  North  Dakota,  and  Nebraska;  winters 
in  the  Southern  States  from  North  Carolina,  across  the  lower 
Gulf  States  to  California. 

American  Widgeon  (Mareca  americana)  -  Average  weight  is  1-1/2  pounds; 
maximum  weight  is  2-1/2  pounds;  wingspread  is  34  inches; 
feeds  on  aquatic  vegetation  and  occasionally  eats  shoots  or 
grains  and  grasses  on  shore.  American  Widgeons  are  common 
and  fly  in  tight  flocks  rather  than  long  open  V‘s  notable  of 
other  ducks.  Other  than  during  breeding  season,  they  congre¬ 
gate  in  large  flocks.  They  breed  in  the  Northwest  quadrant 
of  the  United  States;  winter  along  Atlantic  Coast  from  New 
Jersey  to  Florida,  and  the  lower  states,  and  along  the  West 
Coast;  they  start  their  northern  migration  in  March. 

European  Widgeon  (Mareca  psnelope)  -  Is  slightly  smaller  than  the 

American  Widgeon,  Regular  fall  visitor  along  Atlantic  Coast, 
Mississippi  River,  and  Pacific  Coast.  Usually  occurs  in 
small  numbers. 

Shoveler  (Spatula  clypeata)  -  Average  weight  is  1,3  pound;  maximum  weight 
is  2  pounds;  wingspread  is  31  inches;  found  mainly  in  ponds 
and  flooded  marshes.  The  species  is  common  .and  abundant; 
winters  In  Florida,  states  along  the  Gulf  Coast,  Texas,  New 
Mexico,  Arizona,  and  the  states  along  the  Pacific  Coast. 

Breeds  in  Northwestern  States. 
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Blue-winged  Teal  (Anas  discors)  -  father  commcs*;  average  weight  is  0.3 
pound;  maximum  weight  is  1.3  pounds;  wingspread  is  24  inches; 
less  able  to  endure  cold  than  the  G  een-winged  Teal;  flies 
rapidly  in  small  tight  flocks.  Winters  along  Gulf  Coast  in 
Florida,  Alabama,  Mississippi,  Louisiana,  and  Texas.  Breeds 
in  all  Northwestern  Statev  from  L  he  Huron,  west,  and  has 
become  a  permanent  resident  in  '^uisiana.  Likes  shallow 
ponds,  marshes,  meadows,  bog:  end  will  frequent  mudholes  where 
it  finds  food. 

Cinnamon  Teal  (Anas  cyanoptera)  -  Common  only  in  Southwestern  and 

Pacific  Coast  States.  Likes  the  same  surroundings  as  the 
Blue-winged  Teal.  Tends  to  be  a  resident  in  the  lower  por¬ 
tions  of  California,  Arizona,  New  Mexico,  and  the  western 
portion  of  Texas.  Birds  that  do  migrate  go  farther  into 
Mexico  and  Central  America.  Breed  as  far  north  as  Washington, 
including  states  of  Oregon,  Idaho,  Nevada,  Montana,  Wyoming, 
Utah  and  Colorado.  At  times  they  are  more  prevalent  in 
Oregon  than  the  Mallard  and  Pintail. 

Green-winged  Teal  (Anas  carolinensis)  -  The  smallest  surface-feeding 
duck;  average  weight  is  3/4  pounds;  maximum  weight  is  1.0 
pound;  wingspread  is  24  inches;  flies  fast  in  tight  flocks. 

In  winter  prefers  fresh  water  to  salt  water.  It  winters 
from  Virginia  to  Florida,  throughout  the  Gulf  States,  New 
Mexico,  Arizona,  Colorado,  lower  California  and  Utah.  It 
is  a  resident  of  Northern  California,  Oregon,  Washington, 
Nevada,  Idaho,  and  Utah.  It  breeds  in  summer  in  the  North¬ 
ern  States  westward  of  Lake  Superior.  Its  foods  are  similar 
to  those  of  the  Blue-winced  Teal,  but  also  likes  soaked 
rice,  oats,  berries,  grapes,  and  nuts. 

Wood  Duck  (Alx  sponsa)  -  Is  common  in  open  woodland  around  lakes  and 
along  streams;  average  weight  is  1-1/2  pounds;  maximum 
weight  is  2  pounds;  builds  nests  in  hollows  of  trees. 

The  resident  group  of  Northern  California,  0-egon  and 
Washington  do  not  migrate.  The  resident  group  -Inne  the 
Gulf  Coast  from  Florida  to  Texas  do  migrate.  Wood  Ducks 
are  found  breeding  in  all  states  east  of  the  Mississippi. 

They  feed  on  plants,  acorns,  insects,  and  food  from  ponds 
and  marshes.  The  Wood  Duck  is  peculiarly  a  continental 
United  States  bird. 
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Tree  ducks  are  the  second  subfamily  (Dendrocygninae)  of  ducks  and 
consists  of  two  species.  Feeding  occurs  at  night.  Their  foods  include 
corn,  other  seeds,  acorns.  Tree  ducks  do  not  dive.  The  two  species 
are  the  following: 


Fulvous  Tree  Duck  (Dendrocygna  bicolor)  -  Common  in  marshlands  along  the 
coasts  of  Mississippi,  Louisiana,  Texas,  and  lower  California. 
It  probably  weighs  upward  to  3  pounds  and  has  a  wingspread 
of  36  inches.  Seldom  seen  because  of  nocturnal  feeding 
habits.  Rarely  perches  in  trees  and  never  nests  in  trees. 

Black-bellied  Tree  Duck  (Dendrocygna  autumnalis)  -  Common  during  breed¬ 
ing  season  to  the  lower  end  of  Texas.  It  is  found  with  the 
Fulvous,  but  usually  in  more  wooded  areas.  Perches  in  trees 
and  sometimes  nests  in  hollows  of  trees  or  on  branches.  It 
probably  weighs  up  to  3  pounds  and  has  a  wingspread  of  37 
inches. 


Bay  ducks  are  the  third  subfamily  (Aythyinae)  of  ducks  that  winters  along 
coastal  bays,  river  mouths,  and  lakes.  The  bay  ducks  dive  and  swim  u^der 
water,  whereas  the  surface-feeding  ducks  do  not.  They  also  eat  more 
animal  food,  mollusks,  and  are  partial  to  roots  and  shoots  of  aquatic 
plants.  There  are  eight  species,  as  follows: 

Redhead  (Aythya  americana)  -  Winters  in  tidewaters  along  coastal  states 
of  the  Atlantic  and  Pacific  Oceans  and  the  Gulf  of  Mexico. 

It  is  conmon;  average  weight  is  2.2  pounds;  maximum  weight 
is  3  pounds;  has  a  wingspread  of  33  inches.  It  breeds  in 
North  Dakota,  South  Dakota,  Wyoming,  Montana, 

Nebraska,  Colorado,  and  Washington.  It  mixas  with  other 
bay  ducks  to  form  flocks  of  several  hundred  birds.  As 
many  as  22  eggs  have  been  found  in  a  nest.  It  includes  in 
its  diet  small  fish  and  other  small  marine  life. 


Canvasback  (Aythya  valisineria)  -  Is  an  abundant  species;  winters  more 
in  saltier  water  than  the  Redhead  Duck;  average  weight  is 
2.6  pounds;  maximum  weight  is  3-1/2  pounds;  wingspread  is 
34  inches.  It  mixes  less  with  other  ducks,  but  o^ten  is 
found  near  them.  Winters  along  the  Atlantic  and  Pacific 
Coast  and  States  along  the  Gulf  of  Mexico.  It  breeds  in 
the  Northwestern  States  and  is  ons  of  the  most  hardy  biras 
because  It  will  not  start  its  winter  migration  until  the 
water  freezes.  It  Includes  in  its  diet  spicy  wild  celery. 
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Ring-necked  Duck  (Aythya  collaris)  -  Coi;mon  in  woodland  ponds;  in 

winter  more  confined  to  fresh  water  than  other  bay  ducks; 
average  weight  is  1.5  pound;  maximum  weight  is  2.4  pounds; 
and  wingspread  is  28  inches.  It  does  not  travel  in  large 
flocks.  Being  an  expert  diver  it  captures  minnows,  craw¬ 
fish,  tadpoles,  snails  and  frogs  for  food  to  supplement  its 
diet  of  aquatic  plants  and  seeds.  It  winters  in  Maryland, 
Virginia, North  and  South  Carolina,  Florida,  Georgia,  Ala¬ 
bama,  Mississippi,  Tennessee,  Louisiana,  Arkansas,  Texas, 
Hew  Mexico,  California  and  Oregon.  Breeds  in  Wisconsin, 
Minnesota,  and  Michigan. 

Greater  Scaup  (Aythya  marila)  -  Locally  common  in  ponds,  marshes,  and 
lakes;  average  weight  is  2.0  pounds;  maximum  weight  is 
3  pounds;  wingspread  is  31  inches;  and  during  migration  the 
flock  density  is  8/1000  cubic  feel.  Winters  alono  the 
Atlantic,  Pacific,  and  Gulf  Coasts  and  in  New  York  State. 


Lesser  Scaup  (Aythya  affinis)  -  Abundant;  smaller  than  Greater  Scaup; 

weight  is  probably  upward  to  2.5  pounds;  and  wingspread  is 
29  inches.  Winters  Inland  from  Atlantic,  Pacific  and  Gulf 
Coasts,  up  the  Mississippi  to  Indiana,  Southwest  Texas, 

New  Mexico,  and  Arizona.  Breeds  in  Northwestern  States 
from  Lake  Superior,  west. 

Comnon  Goldeneye  (Bucephala  clangula)  -  Common  in  lakes  and  rivers  in 
forested  country;  it  nests  in  hollows  of  trees;  average 
weight  is  1.8  pounds;  maximum  weight  is  3  pounds;  wing- 
spread  Is  31  inches;  and  when  migrating  the  flock  density 
is  8/1000  cubic  feet.  It  winters  in  nearly  all  continental 
United  States.  It  breeds  In  New  tngland  States  above 
Massachusetts,  Michigan,  Wisconsin,  and  Minnesota. 


Barrow's  Goldeneye  (Bucephala  islandica)  -  Resembles  the  Common  Goldeneye 
but  generally  has  blacker  sides;  average  weight  is  1-1/2 
pounds;  maximum  weight  is  3  pounds;  and  wingspread  is  31 
inches.  It  is  a  common  resident  of  Washington,  Oregon, 
California,  Montana,  Wyoming,  Idaho,  and  Utah.  Winters  on 
West  Coast,  and  a  group  migrates  down  frotr  Iceland  and 
winters  along  coasts  of  New  England  States  above  New  Jersey. 

Bufflehead  (Bucephala  albeola)  -  Common  in  tidewaters;  generally  found  In 
loose  flocks;  average  weight  is  0.7  pound;  maximum  weight  is 
1.3  pounds;  and  wingspread  is  24  inches.  It  winters  in  all 
continental  United  States  except  the  central  Northern  States. 
It  is  a  resident  of  Washington,  Oregon  and  California. 
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Sea  ducks  are  also  a  subfamily  (Aythyinae)  similar  to  bay  ducks  except 
that  they  winter  only  along  coasts  and  are  rarely  seen  inland.  In 
winter  they  usually  appear  in  large  flocks  of  mixed  species.  They 
mostly  feed  on  mollusks.  The  seven  species  are  the  following: 


Harlequin  Duck  (Histrionicus  histrionicus)  -  Uncommon;  winters  along 
rocky  coasts  in  heavy  surf;  probably  weighs  less  than  2 
pounds;  and  wingspread  io  26  inches.  Mussels  are  included 
in  its  diet.  Winters  along  New  England  Coast  and  Pacific 
Coast.  Breeds  in  mountainous  areas  of  Washington,  Oregon, 
Idaho,  Montana,  Wyoming  and  Utah. 

Common  Eider  (Somateria  mollissima)  -  The  largest  duck  to  frequent  the 
continental  United  States;  abundant  but  winters  so  locally 
(off  Chatham,  Mass.,  and  rarely  at  other  coastal  locations) 
that  the  number  should  be  considered  negligible;  average 
weight  Is  2-1/2  pounds;  maximum  weight  is  4-1/2  pounds; 
wingspread  Is  41  Inches;  when  migrating  the  flock  density 
is  8/1000  cubic  feet,  but  usually  flies  only  a  few  feet  off 

i.1. .. 

uie  water. 


King  Elder  (Somateria  spectabills)  -  Rare  In  the  continental  United 

States;  is  similar  to  Common  Eider  except  smaller;  probably 
weighs  less  than  4.5  pounds;  and  wingspread  is  37  inches. 
When  seen  In  winter  it  is  along  upper  New  England  coastal 
states  and  along  the  coasts  of  Washington  and  Oregon. 

Oldsquaw  (Clangula  hyemalis)  -  Abundant  within  its  range;  average 
weight  is  1-1/2  pounds;  maximum  weight  is  2.3  pounds; 
wingspread  Is  30  Inches;  it  migrates  chiefly  at  night  and 
the  flock  density  Is  10/1000  cubic  feet.  During  winter 
it  frequents  the  coasts  along  the  Great  Lakes,  and  along 
the  Pacific  down  to  California.  Several  thousand  of  these 
birds  congregate  during  spring  along  the  coasts  of  North 
Carolina.  Their  food  consists  mainly  of  shellfish  and 
crustaceans. 

Common  Scoter  (Oidemia  nigra)  -  Abundant  within  its  range,  probably 
weighs  less  than  3  pounds  since  it  is  about  the  size 
of  a  Mallard;  the  wingspread  is  33  inches.  It  winters 
along  the  Atlantic  Coast  down  to  North  Carolina  and  along 
the  Pacific  Coast  down  to  Mexico. 
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White-winged  Scoter  (Melanitta  deglandi)  -  Often  abundant;  probably 
weighs  less  than  4  pounds',  wingspread  is  38  inches;  and 
found  in  mixed  flocks.  On  water  rides  in  tight  flocks, 
in  loose  flocks  for  flights  of  short  distances,  but  during 
migration  is  in  line  and  there  may  be  as  many  as  100  in  the 
line.  It  is  a  hardy  bird  and  may  not  nest  until  early  July. 
It  winters  along  the  Atlantic  Coast  down  to  North  Carolina, 
along  the  Great  Lakes  and  the  Pacific  Coast  down  to  Mexico. 
It  breeds  in  Montana  and  North  Dakota. 


Surf  Scoter  (Melanitta  perspicillata)  -  Locally  common;  probably  weighs 
less  than  2.5  pounds;  it  has  a  wingspread  of  33  inches.  It 
winters  along  the  Atlantic  Coast  down  to  South  Carolina  and 
along  the  Pacific  Coast  down  to  Mexico. 


Stiff-tailed  ducks  are  the  fourth  subfamily  (Oxyurinae)  that  are  small 
and  stubby  and  when  swimming  their  tail  feathers  point  upwards. 

Consist  only  of  the  following  two  species: 


Ruddy  Duck  (Oxyura  jamaicensis)  -  Common  in  most  of  the  continental 

United  States  particularly  during  migratory  periods.  Is  a 
small  duck  probably  weighing  less  than  2  pounds  that 
has  a  wingspread  of  23  inches.  Winters  along  the  Atlantic, 
Pacific  and  Gulf  Coasts  and  the  States  bordering  Mexico. 
Breeds  in  Minnesota,  North  and  South  Dakota,  Nebraska, 
Montana,  Wyoming,  Colorado,  Utah,  Idaho,  Washington,  Oregon, 
Northern  California  and  Nevada. 

Masked  Duck  (Oxyura  dominica)  -  Unccflmon;  small  duck,  probably  weighing 
less  than  2  pounds;  has  a  wingspread  of  20  inches. 

Nests  in  trees  and  is  found  only  in  Gulf  States  during  the 
summer  months. 


Merganser  ducks  are  the  fifth  subfamily  (Merginae)  that  is  comprised  of 
3  species.  They  have  comparatively  long  narrow  bills,  whose  saw-toothed 
edges  enable  the  birds  to  devour  fish  of  considerable  size.  The  three 
species  are  the  following: 

Common  Merganser  (Mergus  merganser)  -  Common,  fresh  water  species; 

average  weight  is  2-1/2  pounds,  maximum  weight  is  4  pounds; 
and  during  migration  the  flock  density  is  6/1000  cubic  feet. 
Birds  of  this  species  nest  In  hollow  trees  and  are  so  hardy 
they  are  seen  In  lakes  that  are  nearly  frozen  over  in  areas 
that  are  difficult  to  freeze.  They  frequent  most  states 
except  lower  Texas  and  the  Southern  States.  They  are  a 
resident  of  Washington,  Oregon,  California,  Colorado,  Indi¬ 
ana,  Michigan,  New  York,  Vermont,  New  Hampshire  and  Maine. 
They  also  breeu  in  Wyoming,  Montana  and  Idaho. 
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Red-breasted  Merganser  (Mergus  serrator)  -  Common,  probably  weighs  less 
than  3  pounds,  and  has  a  wingspread  of  33  inches.  A 
swift  silent  flyer  and  a  fast  diver.  Winters  along  Atlantic, 
Pacific  and  Gulf  Coasts,  around  the  Great  Lakes,  and  states 
bordering  Mexico.  May  breed  in  upper  Michigan. 

Hooded  Merganser  (Lophodytes  cucullatus)  -  Uncommon;  average  weight  is 
1  pound;  maximum  weight  is  2.0  pounds;  has  a  wingspread  of 
26  inches.  Where  found  it  will  be  seen  on  wooded  fresh¬ 
water  lakes  and  streams  in  states  bordering  the  Atlantic 
from  New  Jersey  to  Florida;  along  the  Gulf  of  Mexico  to  the 
edge  of  Texas  and  along  the  Pacific  Coast  to  Mexico.  It 
breeds  in  the  Eastern  States  from  the  Mississippi,  eastward 
except  In  Louisiana,  Mississippi,  Alabama,  Georgia,  Florida 
and  South  Carolina.  It  also  breeds  In  the  Northern  States 
from  the  Mississippi  River  westward  to  Washington. 


Of  the  five  duck  subfamilies  29  species  migrate  back  and  forth  between 
the  continental  United  States  and  Canada  in  four  distinct  flyways,  and 
5  species  migrate  between  the  continental  United  States  and  Mexico  or 
South  America. 

As  noted  in  Reference  8,  the  distribution  of  ducks  in  the  four  estab¬ 
lished  migratory  flyways  and  the  breeding  areas  In  the  United  States 
are  as  shown  in  Figure  8.  The  heaviest  concentrations  of  ducks,  as 
noted  in  Reference  8,  occur  in  the  areas  shown  in  Figure  9.  The  four 
migratory  routes  are  as  follows: 


Atlantic  Flyway  -  At  the  peak  of  fall  migration,  about  9,000,000  ducks 
are  found  In  the  Eastern  Seaboard  States.  Large  concentra¬ 
tions  of  these  birds  occur  on  the  Chesapeake  Bay,  Maryland, 
where  350,000  ducks  spend  the  winter.  Florida  harbors  some 
600,000  ducks,  mainly  in  the  vicinity  of  Cape  Kennedy, 
Apalachee  Bay,  and  the  Interior  lakes.  South  Carolina 
attracts  some  450,000  ducks  and  North  Carolina  harbors 
150,000  ducks.  The  bays  of  Long  Island  have  concentrations 
of  160,000  ducks. 

Mississippi  Flyway  -  About  31,500,000  ducks  migrate  thru  this  flyway  in 
the  fall.  They  terminate  on  the  Tennessee  River  in  Alabama 
and  Tennessee,  and  In  southern  Illinois,  central  Missouri, 
and  coastal  Louisiana.  The  largest  wncentratlon  of  water- 
fowl  occurs  along  the  Louisiana  coasts  with  5,800,000  ducks 
and  geese.  Arkansas  has  1,100,000  birds,  Illinois  has 
450,000  dusks.  Missouri  has  150,000  dusks  and  Tennessee  has 
about  750,000  ducks. 
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Central  flyway  -  About  16,500,000  ducks  migrate  thru  this  flyway  In  the 

fall.  The  Mallard  winters  in  all  of  the  states  1.)  this  region. 
Approximately  60,000  Mallards  winter  along  the  Yellowstone 
River  and  in  Montana,  50,000  In  Wyoming,  and  about  250,000 
Mallards  in  southeast  South  Dakota.  The  Kansas  reservoirs 
hosts  soma  470,000  Mallards  in  winter,  Oklahoma  hosts  about 
170,000  Mallards,  and  about  430,000  Mallards  winter  in 
western  Nebraska  and  eastern  Colorado.  Some  S00.000  ducks, 
other  than  Mallards,  winter  along  the  coasts  of  Texas,  and 
some  400,000  spend  the  winter  In  the  panhandle  region  of 
Texas . 


Pacific  Flyway  -  About  33,000,000  ducks  migrate  in  this  coastal  flyway 
which  embraces  the  Coastal  States  and  the  Rocky  Mountains. 
Concentrations  of  5,600,000  ducks  and  geese  frequent  the 
San  Francisco  Bay  region,  and  Sacramento  Valley;  about 
2,100,300  ducks  and  geese  combined  concentrate  in  the 
Klamath  basin.  The  Great  Salt  Lake  basin,  Utah,  hosts 
1,300,000  ducks  and  the  Columbia  basin,  Washington,  hosts 
1,100,000  ducks  and  geese  in  the  winter. 

The  spring  migrations  commence  as  the  Isotherm  temperatures  generally 
exceed  35°F,  noted  in  Reference  13,  along  the  migratory-paths  to  the 
various  species'  breeding  grounds  In  the  northern  United  States  and 
Canada.  Usually  the  spring  migrations  occur  between  March  and  May. 


FIGURE  9 


Concentrations  of  Wintering  Ducks  and  Geese 
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Vultures  are  carrion  eaters  of  the  Order  Fa 1  coni  formes,  Family 
Cathartldae.  They  are  scavengers  that  live  chiefly  on  decaying  flesh 
and  seldom  attack  living  animals  except  for  creatures  that  are  dying 
from  disease  or  injuries.  Vultures  or  buzzards  are  interchangeable 
names  for  the  two  main  species  that  are  found  In  the  continental  United 
States.  The  three  species,  including  California  Condor,  are  the 
following: 

Turkey  Vulture  (Cathartes  aura)  -  Average  weight  is  3  pounds,  maximum 
weight  is  4  pounds;  has  wing  span  of  72  inches;  travels  in 
pairs,  but  may  travel  alone;  soars  for  hours  at  great 
heights  in  thermals  looking  for  dead  animals;  more  abun¬ 
dant  than  the  Black  Vulture;  a  diurnal  carrion  eater,  but 
also  eats  snakes,  toads  and1  probably  mice,  rats,  and  occa¬ 
sionally  young  birds;  exceptional  eyesight  arvJ  can  see 
great  distances.  Once  a  vulture  has  sighted  a  dead  animal 
there  will  suddenly  appear  several  other  vultures  to  partici¬ 
pate  in  the  feeding. 

Black  Vulture  (Coragvps  atratus)  -  Average  weight  Is  3  pounds,  maximum 
weight  Is  4-1/2  pounds;  is  more  stumpy  than  Turkey  Vulture, 
has  wing  span  of  54  inches;  fewer  in  number  than  Turkey  Vul¬ 
ture,  otherwise  similar  to  Turkey  Vulture. 

It  has  been  estimated  that  there  ara  2  to  4  million  Turkey  and  Black 
Vultures  in  the  United  States. 


Turkey  Vulture  - 
extended  summer 
breeding  range 


Migratory  Turkey  Vultures  pass  thru 
this  area  in  early  May 

r  Migratory  Turkey  Vultu  as  pass  thru 
this  area  in  early  April 


Turkey  Vulture- 
resident  only 


-Black  Vulture 
extended 
summer  breeding 
range 

-Turkey  and 
Black  Vulture 
resident 


FIGURE  10 


Distribution  of  Turkey  and  Black  Vultures 
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California  Condor  (Gymnogyps  cal forni anus)  -  The  largest  of  United  States 
vultures;  is  almost  extinct;  has  an  average  wing  span  of  10 
feet;  weight  average  is  21.5  pounds,  weight  maximum  is  23 
pounds;  a  diurnal  carrion  eater;  confined  to  coastal  mountain¬ 
ous  regions  of  Southern  California;  less  than  two  dozen  in 
existence. 


FIGURE  11 


Distribution  of  California  Condors 
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Hawks  are  raptorial  birds  of  the  Order  Fa'lconiformes,  Family  Accipitridae 
that  kill  their  prey  with  their  sharp  claws  and  tear  it  to  pieces  with 
their  bill.  It  has  been  estimated  that  there  are  15  to  30  million  hawks 
in  the  Continental  United  States. 

There  are  eleven  species  of  hawks  that  are  either  resident  or  migratory 
to  the  Continental  United  States.  Some  species  are  in  large  numbers 
while  others  are  limited.  Hawks  are  raptorial  birds  that  generally  feed 
on  birds,  rodents  and  small  mammals.  The  eleven  species  are  the  following: 

Goshawk  (Accipiter  gentllis)  -  Uncoirmon,  is  large  enough  to  prey  on 
grouse  and  squirrels;  average  weight  is  2-1/2  pounds;  maxi¬ 
mum  weight  is  4-1/2  pounds;  wingspread  is  42  inches;  and  the 
flock  density  is  1/1000  cubic  feet.  In  the  United  States 
the  Goshawk  breeds  in  New  Hampshire,  Washington,  Oregon  and 
California,  and  winters  in  most  states  except  the  Southern 
States . 


Cooper's  Hawk  (Accipiter  cooperil)  -  Uncorwion,  but  more  numerous  than 
Goshawk;  Is  most  destructive  species;  wingspread  Is  28 
Inches;  is  a  chicken  hawk;  also  preys  on  grouse,  rabbits, 
doves,  chipmunks  and  squirrels;  breeds  In  most  states. 

Sharp-shinned  Hawk  (Accipiter  strlatus)  ••  Fairly  common;  wingspread  is 
21  inches;  lives  on  small  birds,  up  to  the  size  of  pigeons; 
breeds  in  most  States  except  for  parts  of  Texas  and  Florida. 

Marsh  Hawk  (Circus  cyaneus)  -  Is  a  slim  common  hawk  of  grasslands  and 
marshes;  wingspread  is  42  inches;  feeds  on  mice,  rabbits, 
squirrels,  lizards,  snakes  and  frogs;  breeds  In  the  upper 
States  and  winters  in  lower  States;  and  when  migrating  flies 
high,  often  soaring  in  groups  of  50  birds. 

Rough-legged  Hawk  (Buteo  lagopus)  -  Uncommon  open-country  bird;  is 

nearest  of  all  hawks  to  being  nocturnal;  average  weight  is 
2  pounds;  wingspread  is  52  inches;  feeds  on  mice,  thus 
saving  many  fruit  orchards  from  destruction  and  searches  for 
rabbits  at  night;  breeds  in  Canada  and  winters  in  most 
States  except  Florida.  During  migration  follows  ridges  and 
shorelines. 

1 

Ferruginous  Hawk  (Buteo  regal  Is)  -  Common  on  the  Great  Plains;  rarely  \ 

seen  east  of  Mississippi;  wingspread  is  54  Inches;  breeds  j 

In  Washington,  California,  Utah,  Colorado  and  Kansas;  1 

winters  in  western  half  of  United  States;  and  migrates  | 

similar  to  Rough-legged  Hawk,  but  does  not  hover.  1 
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Red-tal ied  Hawk  (Buteo  jamaicensis)  -  Common  throughout  the  United 

States;  wingspread  is  48  inches,  body  is  heavier  than  other 
Buteos;  principal  food  is  rodents  but  will  consume  disabled 
and  diseased  poultry;  at  times  is  a  carrion-eater;  migrates 
into  bordering  States  to  Canada  for  nesting  purposes;  rarely 
hovers;  and  often  perches  on  poles  or  tree tops. 

Red-shouldered  Hawk  (Buteo  lineatus)  -  One  of  most  co.nnon;  average 

weight  is  2-1/2  pounds;  wingspread  is  40  inches;  hunts  from 
a  perch  for  rodents,  insects,  and  small  birds;  found  from 
the  edge  of  the  Great  Plains  to  the  Atlantic  Coast;  at  times 
is  referred  to  as  the  Red-shouldered  Buzzard. 


Swainson's  Hawk  (Buteo  swainsoni)  -  Common  west  of  the  Mississippi 

during  breeding  season;  wingspread  is  49  inches;  wintering 
range  is  Mexico  and  South  American  countries;  perches  near 
ground;  feeds  on  mice,  gophers,  grasshoppers,  and  other 
insects;  glides;  migrates  in  flocks. 

Broad-winged  Hawk  (Buteo  platypterus)  -  Common  woodland  species;  average 
weight  is  1-1/2  pounds;  maximum  weight  is  2-1/2  pounds; 
wingspread  is  33  inches;  is  most  silent  hawk,  and  enjoys 
solitude  for  long  periods;  is  a  percher;  feeds  on  mice, 
gophers,  frogs,  snakes,  occasionally  small  birds,  cater¬ 
pillars,  grasshoppers,  crickets,  chipmunks,  shrews,  squirrels, 
and  occasionally  rabbits  and  moles;  breeds  in  the  eastern 
half  of  the  United  States;  winters  in  South  America;  migrates 
in  large  flocks,  Tn  Canada  these  hawks  have  been  observed 
during  September  in  large  flocks  (70,000  to  100,000).  They 
have  been  observed  on  radar  riding  thermals  across  the 
approaches  to  Toronto,  London,  and  Ontario  airports  at 
heights  of  4,009  to  10,000  feet,  as  noted  in  Reference  M. 


Harlan's  Hawk  (Buteo  harlanl)  -  Uncommon;  most  difficult  to  identify; 
wingspread  is  50  Inches;  feeds  on  rabbits  and  chipmunks; 
winters  in  Texas,  Oklahoma,  Kansas,  and  Colorado;  migratory 
range  is  through  Colorado,  Nebraska,  Wyoming,  South  Dakota, 
and  Montana  to  their  breeding  ranges  in  Canada. 
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Falcons  are  raptorial  birds  of  the  Order  Fal coni formes.  Family  Falcon- 
idae,  and  in  seme  respects  the  most  remarkable  and  most  famous  of  the 
birds  of  prey.  The  true  falcons  have  the  bill  sharply  hooked,  toothed 
and  notched.  All  species  fly  remarkably  swife  and  the  birds  movements 
on  the  wing  are  very  quick  and  certain,.  They  overtake  and  kill  in 
flight  the  swiftest  flying  ducks,  pigeons  and  grouse.  They  do  not  hesi¬ 
tate  to  attack  birds  much  larger  and  stronger  than  themselves. 


There  are  six  species  of  falcons  that  are  from  rare  to  fairly  common  in 
the  continental  United  States.  The  smallest  falcon  weigns  1/2  pound  and 
the  largest  weighs  10  pounds.  The  six  species  are  the  following: 

Gyrfalcori  (Falco  rusticolus)  -  An  arctic  bird  that  rarely  wanders  south 
of  Canada,  but  in  the  past  has  casually  visited  Minnesota, 
Wisconsin,  Michigan,  New  York,  Vermont,  Maine,  New  Hampshire; 
average  weight  is  5  pounds;  maximum  weight  is  10  pounds;  and 
has  a  wingspread  of  48  inches. 

Prairie  Falcon  (Falco  mexicanus)  -  Found  on  plains,  prairies,  and  sage¬ 
brush  desert;  nests  on  side  of  canyons  on  isolated  buttes; 
wingspread  is  40  inches;  feeds  on  birds  ar*i  small  rodents, 
especially  ground  squirrels;  and  frequently  soars. 

The  Prairie  Falcon  is  a  resident  of  Washington,  Oregon, 
California,  Arizona,  New  Mexico,  Colorado;  extends  its 
breeding  range  to  include  all  Western  States;  and  winters 
into  Texas  as  shown  in  Figure  12. 
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FIGURE  12 

Distribution  of  Prairie  Falcons 
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Peregrine  Falcon  (Faleo  peregrinus)  -  Rare  local  falcon  of  coasts, 
mountains,  and  woods;  average  weight  is  1-1/?  pounds; 
maximum  weight  is  2-1/2  pounds;  wingspread  is  40  inches; 
it  preys  almost  entirely  on  fcirds,  and  may  kill  more  birds 
than  required  for  food.  It  winters  in  most  of  the  contig¬ 
uous  United  States  except  the  States  along  the  Canada  border. 
Breeds  in  upper  Canada  and  Alaska. 

Pigeon  Hawk  (Faleo  columbarius)  -  Widely  distributed  but  nowhere  common 
in  the  United  States,  except  Washington,  as  noted  in 
Figure  13;  is  a  strong,  well -built  falcon  with  a  wingspread 
of  23  inches;  feeds  on  shorebirds,  pigeons,  mice  and  insects; 
and  rarely  soars. 


Sparrow  Hawk  (Falco  sparverius)  -  Most  common  falcon;  lives  in  open  and 
semi -open  country;  average  weight  is  t/2  pound;  wingspread 
is  21  inches;  during  warm  months  its  principal  foods  are 
grasshoppers,  crickets  and  other  insects;  during  otner  months 
mice  is  predominant  food;  during  nesting  season  ic  may  attack 
small  birds  for  food  when  time  is  limited;  it  frequently 
hovers.  The  distribution  of  Sparrow  Hawks  is  shown  in 
Figure  14  . 

Aplomado  Falcon  (Falco  femoralis)  -  Rare  along  the  Mexican  border; 

longer  and  wider  than  most  falcons;  it  has  wingspread  of 
35  inches. 
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FIGURE  14 


Distribution  of  Sparrow  Hawks 
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Pigeons  are  of  the  Order  Col  umbl  formes,  Family  Columbidae.  The  names 
Pigeon  and  Dove  are  synonymous  or  interchangeable.  Pigeons  nest  in 
trees,  upon  stumps,  rocks,  walls,  clefts  of  cliffs,  in  buildings  or  on 
the  g*'ound  in  temperate  climates.  The  food  of  pigeons  consists  of 
grains,  seeds,  fruit  and  salt. 

There  are  over  500  species  in  the  world,  with  eleven  species  frequent¬ 
ing  the  continental  United  States.  It  has  been  estimated  that  there 
are  20  to  40  million  pigeons  and  doves  in  the  United  States  excluding 
the  Mourning  Doves.  The  estimated  number  of  Mourning  Doves  is  between 
240-280  million.  The  eleven  species  are  the  following: 


Band-tailed  Pigeon  (Columba  fasclata)  -  Common  in  western  oak  and  pine 
woods  especially  in  summer.  Is  the  largest  of  the  pigeons, 
and  weighs  less  than  one  pound.  Supplements  Its  diet  with 
acorns.  It  ranges  up  and  down  the  West  Coast,  Arizona,  New 
Mexico,  West  Texas  and  extends  its  breeding  range  Into  Utah 
and  Colorado  as  noted  in  Figure  15. 


Rock  Dove  (Columba  livia)  -  Is  the  common  domestic  dove;  found  In  all 
contiguous  United  States  around  farmyards  and  city  parks; 
nests  on  buildings;  average  weight  is  1/2  pound;  maximuni 
weight  is  1  pound;  a  flock  consists  of  600  birds,  and  in 
flight  the  density  is  126/1000  cubic  feet. 

Mourning  Dove  (Zenaidura  macroura)  -  Curing  all  seasons  is  the  most 

common  native  In  suburbs  and  farmyards.  Found  In  all  of  the 
contiguous  United  States.  Maximum  weight  is  0.37  pound';. 
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FIGURE  15 

Distribution  of  Band-tailed  Pigeons 
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White-winged  Dove  (Zenaida  asiatica)  -  Locally  abundant  in  lower  Calif¬ 
ornia,  Arizona,  and  lower  Texas.  Nests  in  colonies  in  citrus 
groves,  mesquite,  open  woods,  and  maximum  weight  is  0.40 
pounds . 

White-crowned  Pigeon  (Columba  leucocephala)  -  Commonly  found  only  in 
the  Florida  Keys. 

Red-billed  Pigeon  (Columba  flavirostris)  -  Uncommon  in  summer,  is  occa¬ 
sionally  found  in  the  lower  Rio  Grande  River  in  South  Texas. 

Spotted  Dove  (Streptopelia  chinensis)  -  Common  resident  in  Los  Angeles 
County,  California;  occurs  from  Santa  Barbara  to  San  Diego. 

Ringed  Turtle  Dove  (Streptopelia  risoria)  -  A  common  cage  bird  that  has 
become  resident  in  downtown  Los  Angeles,  Tampa,  and  Miami. 

Ground  Dove  (Col umbi gall ina  passerinai  -  Is  the  smallest  of  the  American 
doves.  Common  along  the  Gulf  Coast  States  and  Arizona. 

Inca  Dove  (Scardafella  inca)  -  Resident  in  fields  and  pastures  in  the 
arid  areas  of  lower  Texas,  Arizona,  and  California. 

White-fronted  Dove  (Leptotila  verreauxi)  -  Uncommon  resident  of  the 
lower  Rio  Grande  Valley,  Texas. 


Geese  are  waterfowl  of  the  Order  Anseriformes,  Family  Anatidae.  The 
feeding  habits  of  Geese  often  take  them  Into  fields  far  from  water. 
Their  food  is  almost  wholly  vegetable.  In  the  water  they  eat  seeds 
and  roots  of  aquatic  plants.  On  land,  in  the  spring  they  feed  on 
sprouting  grain,  and  in  the  fall  on  corn,  oats,  wheat,  and  barley 
taken  from  the  stubble  fields.  During  fall  migration  there  are  approx¬ 
imately  5,000,000  geese,  (Reference  8),  consisting  of  eight  species, 
as  follows: 


Canada  Goose  (Branta  canadensis)  -  Most  common,  average  weight  is 

8  pounds,  maximum  weight  is  14  pounds,  wingspread  is  50-68 
inches,  and  when  migrating  the  flock  density  is  5/1000 
cubic  feet. 

Brant  (Branta  bernicla)  -  Average  weight  is  2-1/2  pounds,  maximum  weight 
is  3-1/2  pounds,  wingspread  is  48  inches,  and  when  migrating 
the  flock  density  is  20/1000  cubic  feet. 

Black  Brant  (Branta  nigricans)  -  Same  as  Brant  except  for  black  <m 
breast  and  belly. 

Barnacle  Goose (Branta  leucopsis)  -  Average  weight  is  4  pounds,  wing- 
spread  is  56  inches,  and  when  migrating  the  flock  density 
is  4/1000  cubic  feet. 

White-fronted  Goose  (Anser  alblfrons)  -  Average  weight  is  4.9  pounds, 
and  maximum  weight  is  7.3  pounds,  wingspread  is  60  Inches, 
and  when  migrating  the  flock  density  is  3/1000  cubic  feet. 

Blue  Goose  (Chen  caerulescens)  -  Similar  to  the  White-fronted  Goose 
except  for  coloring. 

Snow  Goose  (Chen  hyperborea)  -  Average  weight  is  6-1/2  pounds,  maximum 
weight  is  10-1/2  pounds,  wingspread  is  59  Inches,  and  when 
migrating  the  flock  density  is  9/1000  cubic  feet. 


Ross'  Goose  (Chen  rossli)  -  Average  weight  Is  2.7  pounds,  maximum 
weight  is  5.5  pounds  and  wingspread  is  51  Inches. 


The  Canada  Goose  Is  the  only  goose  to  breei  v.i  the  United  States.  It 
breeds  In  the  states  of  Montana  and  Wyoming. 

When  migrating  between  breeding  and  wintering  areas,  geese  follow 
migration  corridors  that  are  on  a  north-south  axis  as  noted  In 
Figure  16.  The  flocks  fly  In  V-formatlons. 
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There  are  about  1,200,000  geese  including  the  Canada  Goose,  the  Brant, 
and  Snow  Goose  that  migrate  in  the  Atlantic  flyway. 


There  ere  about  1,260,000  geese  including  the  Canada  Goose,  the  Blue 
Goose,  the  Snow  Goose,  and  White-fronted  Goose  that  migrate  in  the 
Mississippi  flyway. 

There  are  about  1,000,000  geese  including  the  Canada  Goose,  the  White- 
fronted  Goose,  the  Snow  Goose  and  Blue  Goose  that  migrate  In  the  Central 
flyway. 

There  are  about  1,500,000  geese  including  the  Canada  Goose,  the  White- 
fronted  Goose,  the  Snow  Goose,  Black  Brant,  and  Ross'  Goose  that 
migrate  in  the  Pacific  flyway. 

As  noted  in  Reference  8,  the  wintering  grounds  for  geese  are  located 
in  the  following  areas:  Chesapeake  Bay,  Maryland;  the  Tennessee  Valley, 
Alabama,  and  Tennessee,  southern  Illinois,  central  Missouri;  coastal 
Louisiana  and  Texas;  southeastern  Colorado;  and  the  central  valley  of 
California. 


Perching  birds  are  the  largest  group  of  related  birds  of  the  Order 
Passeriformes.  There  are  25  families  of  perching  birds  that  represent 
at  least  300  species.  In  this  Order  bird  life  reaches  its  highest 
development:  the  nervous  system  is  acutely  sensitive;  the  hearing  and 
sight  are  keenly  developed;  the  circulation  and  respiration  are  rapid; 
and  tne  body  temperature  is  the  highest  among  animals.  The  adults  moult 
in  the  fall.  Most  *,e  insectivorous  and  some  are  fruit  and  seed  eaters. 
Perching  birds  are  generally  highly  migratory  and  are  medium  to  small, 
weighing  just  a  few  ounces  to  a  pound  or  more. 

Of  the  birds  involved  in  collisions  noted  in  Table  I,  there  are  only 
eight  perching  birds  that  were  identified  in  a  total  of  36  incidents. 

In  this  study  only  the  eight  will  be  considered. 

Robin  (Turdus  migratorius)  -  of  the  Family  Turdidae.  The  robin 

Is  well  known  and  frequently  seen  on  lawns  in  search  of 
insects  and  earthworms.  Its  diet  also  includes  grasshoppers, 
beetles,  caterpillars,  wild  berries  and  wild  fruit.  Nests 
in  orchard  trees,  shrubs,  or  on  buildings.  Migrate  in  flocks 
by  day. 

The  robin  is  found  in  all  of  continental  United  States.  It 
breeds  in  all  States  except  in  lower  Florida,  along  the  Gulf 
Coast  and  the  arid  areas  of  Texas,  New  Mexico  and  Arizona. 

Blackbirds  are  perching  birds  of  the  Family  Icteridae.  The  plumage 
varies  from  a  uniform  irridescent  black,  somber  brown,  or  showy  combina¬ 
tions  of  yellow,  orange,  scarlet  and  black.  Occasionally  the  blackbird 
is  mistaken  for  starlings.  There  are  12  species  of  blackbirds  as 
follows: 

Bobolink  (Dollchonyx  oryzlvorus)  -  Found  in  hayfields;  migrates  In  fall 
In  large  flocks  near  marshes.  Migrates  through  Eastern  por¬ 
tion  of  the  United  States  and  breeds  in  all  of  the  Northern 
States.  Resembles  a  sparrow  in  coloring. 

Eastern  Meadowlark  (Sturnella  magna)  -  Comnon  in  fields;  have  bright 
yellow  breasts;  residents  of  Eastern  United  States  to  the 
Great  Plain  States. 

Western  Meadowlark  (Sturnella  neglecta)  -  Common  in  fields;  have  bright 
yellow  breasts  and  cheeks;  found  In  the  western  half  of  the 
United  States ,  Foods  consist  of  harmful  Insects;  noxious 
weeds,  grass  seeds  and  grain;  beetles,  spiders,  grasshoppers, 
caterpillars,  and  in  California  has  been  accused  of  eating 
seeds  of  forage  plants,  especially  ctover,  in  an  injurious 
way.  It  has  also  been  accused  in  California  of  damaging  the 
early  crops  of  peas. 
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Yellow-headed  Blackbird  (Xanthocephalus  xanthocephalus)  -  Locally  abun 
dant;  has  yellow  head  and  black  body;  frequently  associates 
with  the  Yellow-winged  Blackbird  and  Cowbird;  food  consists 
of  Insects  harmful  to  vegetation,  beetles,  grasshoppers  and 
caterpillars;  and  In  large  flocks  occasionally  wrecks  wheat 
and  oat  fields  by  eating  the  crops.  Found  in  cattail  and 
tule  marshes  in  most  states  west  of  the  Mississippi. 


Red-winged  Blackbird  (Agelalus  phoenlceus)  -  Abundant  in  marshes  and 
fields  in  most  States.  Feeds,  flies  and  roosts  in  large 
flocks. 

Tricolored  Blackbird  (Agelalus  tricolor)  -  Common  in  flocks;  found  in 
marshes,  morasses,  and  bogs;  generally  found  only  on  the 
West  Coast;  food  consists  of  insects  but  more  than  50  per¬ 
cent  of  Its  diet  is  seeds  Including  seeds  from  ragweed, 
barn  grass,  and  smartweed;  and  in  California  causes  crop 
damage  to  corn,  wheat  and  oats. 

Rusty  Blackbird  (Euphagus  carolinus)  -  Fairly  common  in  swamps;  is  solid 
black,  but  not  irridescent;  it  migrates  to  the  United  States 
In  the  fall  after  the  first  snow  and  leaves  In  the  spring 
and  migrates  to  Its  breeding  grounds  in  Canada  while  there 
is  still  Ice  and  frost  on  the  ground;  found  along  swampy 
borders  of  woodland  lakes,  swamps  or  streams.  They  feed  on 
corn  and  other  grains.  It  is  found  in  the  Great  Plain 
States  and  all  the  eastern  United  States. 

Brewer's  Blackbird  (Euphagus  cyar.ocephalus)  -  Common  around  fields, 
farms  and  roadsides;  has  a  glossy  black  coat  that  reflects 
a  purplish  tint  around  the  head,  and  a  greenish  tint  on 
body;  and  found  west  of  the  Mississippi  and  In  Mississippi, 
Alabama  and  Georgia  during  the  winter  months.  They  feed  on 
cankerworms „  Insects,  worms,  cherries,  weed  seed,  and  some 
grain. 

Boat-tailed  Grackle  (Cassldix  mexicanus)  -  Common  along  shores  and 
coastal  marshes,  along  inland  lakes  of  Florida,  in  town, 
mesquite,  arid  arid  farmlands;  probably  the  largest  of  the 
blackbird  family;  the  average  weight  is  1-1/2  ounces;  the 
male  has  a  purplish  head  and  steel-blue  Irridescent  back; 
female  is  sepia-brown;  in  flight  flock  remains  closely 
bunched  during  sustained  flight,  sharp  turns,  hoverings  and 
sudden  dives;,  and  during  breeding  season  the  males  remain 
in  flocks  and  do  not  participate  in  the  egg  hatching  or 
rearing  the  young.  They  feed  on  insects,  caterpillars,  but 
mainly  prefer  small  crustaceans  and  occasionally  Is  harmful 
to  a  com  crcp.  It  Is  found  along  coastal  areas  from 
Virginia,  through  Florida,  the  Gulf  States,  Texas,  New 
Mexico  and  Arizona  along  the  Mexican  border. 
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Common  Crackle  (Quiscalus  quiscula)  -  Abundant  on  farmland;  nests  in 
evergreens  if  present;  the  coloring  is  irridescent  on  head 
and  body  may  be  green-blue  or  black;  and  inland  Crackle  is 
purple.  They  feed  on  insects,  grubworms  and  frequently 
forage  large  amounts  of  grain.  The  Common  Grackle  is  found 
in  all  States  east  of  the  Rocky  Mountains. 

Brown-headed  Cowbird  (Molothrus  ater)  ••  Coninon  on  farmland,  often  feeds 
and  flocks  with  Red-wings,  Brewer's,  or  Common  Grackles;  and 
is  a  frivolous  bird  that  is  parasitic,  who  lays  its  eggs  in 
other  bird  species  nests.  They  are  found  in  all  the  contig¬ 
uous  United  States.  They  feed  on  insects,  worms,  flies  found 
around  cows,  weed  seeds  and  grains. 


Bronzed  Cowbird  (Tangavius  aeneus)  -  Locally  common  on  farms,  where  it 
flocks  with  other  blackbirds.  It  is  found  at  the  lower  end 
of  Texas  and  long  the  Arizona  border  of  Mexico. 

Starling  (Sturnus  vulgaris)  -  Of  the  Family  Sturnidae.  The  Starling 
is  well  known  and  distinguishable  from  Blackbirds  by  Its  shorter  tail, 
and  in  flight  by  its  browner  wings.  Spends  the  night  in  large  groups. 
The  Starling  weighs  appoximately  1/4  pound  and  during  flights  the 
flock  density  is  310/1000  cubic  feet.  It  is  estimated  that  there  are 
between  400  -  500  million  in  the  continental  United  States. 

Horned  Lark  (Eremophila  alpestrls)  -  Of  the  Family  Alaudidae.  The 
Horned  Lark  frequents  the  open  country  and  never  lives  in  forests.  They 
feed  along  roads,  weedy  or  freshly  ploughed  fields.  The  beaches  and 
salt  marshes  of  the  coasts,  the  lake  shores,  muddy  flats  and  swamps 
of  the  interior  have  an  abundance  of  Horned  Larks  in  fall  and  winter. 
In  the  west  they  live  on  the  hot  arid  land,  on  level  grassy  prairies, 
and  bare  mountains.  They  molt  usually  in  August.  Their  food  consist 
of  insects  and  weed  seed.  They  are  found  in  nearly  11  states  except 
Florida  as  a  resident  bird,  wintering,  on  or  above  '  .  Great  Lakes  in 
extended  breeding  range. 


Sparrows  are  perching  birds  of  the  Family  Fringillidae  which  is  the 
largest  family  of  perching  birds  throughout  the  world  except  for 
Australia.  There  are  over  30  species  of  sparrows  within  the  conti¬ 
nental  United  States.  Sparrows  are  small  plump  birds  and  weigh  only 
a  few  ounces.  They  build  nests  almost  anywhere,  -  on  buildings,  in 
tree?,  bushes  and  brush.  Their  food  is  seeds,  except  during  nesting 
when  they  also  eat  insects  and  worms.  Generally,  sparrows  are  brown 
bodied  with  streaked  backs.  When  sparrows,  are  not  nesting  they  are 
in  large  flocks.  Some  sparrow  species  breed  twice  a  year. 


Crows  and  Ravens  are  the  largest  of  the  perching  birds  recognized  by 
their  solid  black  coating,  that  are  found  in  flocks.  They  fly  in  long 
ines  to  their  roosting  areas  and  when  feeding  post  guards.  Crows  and 
ravens  belong  to  the  family  Corridae,  with  five  species  found  iri  the 
continental  United  States.  The  five  species  are  the  following: 

Common  Raven  (Corvus  corax)  -  This  bird  is  the  largest  of  the  perching 
birds  and  probably  weighs  up  to  2-1/2  pounds,  and  is  some¬ 
times  mistaken  for  a  hawk.  It  soars  more  than  a  crow  and  is 
found  to  form  small  separate  groups  of  from  4  to  12  birds 
that  are  commonly  found  at  the  same  places  for  a  number  of 
years.  The  Common  Raven  Is  a  carrion  eater  that  in  the 
deserts  eat  dead  rabbits  and  other  flesh,  either  fresh  or 
putrid.  They  forage  In  garbage  dumps  and  cans  around  hotels 
in  the  National  Parks  for  food.  They  have  been  known  to  rob 
the  nests  of  gulls.  The  Common  Raven  is  found  in  the  United 
States  only  west  of  the  Rocky  Mountains. 

White-necked  Raven  -  (Corvus  cryptoleucus)  -  Common  in  arid  deserts 
near  farmlands,  probably  weighs  up  to  1-1/2  pounds.  It  is 
a  fairly  tame  bird  that  frequents  areas  where  man  throws 
particles  of  food  such  as  lunch  remains  around  school  yards. 
He  is  a  scavenger  feeding  principally  on  animal  matter. 
Including  locusts.  The  White-necked  Raven  glides  more  In 
flight  than  the  crow  and  is  found  in  Colorado,  Utah,  Arizona, 
New  Mexico,  and  West  Texas. 

Common  Crow  'Corvus  brachyrhynchos)  -  Common;  well  known;  seldom  glides 
therefore  should  not  be  mistaken  for  a  hawk;  it  Is  a  clever 
bird  and  a  thief  who  steals  and  hides  any  sirp.il  object  that 
is  brightly  colored;  and  Is  objectionable  to  the  farmer 
since  it  will  eat  sprouting  corn,  destroys  chickens  and  robs 
the  nests  of  chickens  and  small  birds.  The  Crow  also 
Includes  In  its  diet  frogs,  toads,  salamanders,  some  small 
snakes,  turtles,  crawfish,  snails,  mice,  beetles,  cutworms 
and  wild  species  of  fruit  such  as  seeds  of  the  dogwood,  sour 
gum,  and  sumac.  It  is  found  as  a  resident  in  all  of  the 
Eastern  States  and  locally  in  the  West  except  arid  regions, 
particularly  when  dense  forests  and  conifer  trees  are  found. 

Northwestern  Crow  (Corvus  caurinus)  -  Found  only  in  Washington  State  in 
tidelands  areas  scavenging  along  shorelines. 
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Fish  Crow  (Coryus  Ossifragus)  -  Scavenges  on  shore,  but  is  found  inland 
feeding  with  the  Common  Crow.  It  is  slightly  smaller  than 
the  Common  Crow.  It  feeds  on  animal  life  that  dies  and 
floats  ashore,  flies  above  schools  of  fish  and  catches  fish, 
and  treads  water  for  clams.  Ho  also  eats  grasshoppers  '.«nd 
other  insects,  carrion,  grain  and  berries.  He  is  an  egg- 
eater,  and  frequently  robs  Herons  and  Ibis  rookeries.  The 
Fish  Crow  is  found  on  the  Atlantic  Seaboard  States,  Hudson 
Valley,  Long  Island  Sound,  all  of  Florida,  the  Gulf  States 
from  Florida  to  Texas,  and  along  the  Mississippi  River  up 
to  Kansas. 


Thrushes  are  perching  birds  of  the  Family  Turdidae.  The  various  members 
of  the  Thrushes  present  wide  differences  in  general  appearance-,  form, 
coloration  and  habits.  Some  live  among  trees,  others  on  the  ground, 
and  some  among  rocks.  They  all  eat  worms,  Insects  and  fruit,  and  prob¬ 
ably  don't  weigh  more  than  3  ounces.  The  typical  Thrush  migrates  at 
night.  The  Thrushes  covered  for  this  group  are  six  species,  and  does 
not  include  the  Soli  tares,  Bluebirds,  cr  Robins  that  are  covered  above. 
The  six  species  are  the  following: 

Varied  Thrush  (Ixoreus  naevius)  -  Is  common  In  most  coniferous  wood¬ 
lands  of  the  mountain  ranges  along  the  Western  Coastal 
States.  It  is  driven  from  the  mountains  by  heavy  snow  and 
extends  its  wintering  range  to  the  bottom  of  California. 

It  Is  similar  to  the  Robin  in  actions  and  habits.  It 
Includes  apples  In  its  diet. 

Wood  Thrush  (Hyloclchla  mustellna)  -  Is  common  in  the  eastern  half  of 
the  United  States  in  deciduous  forests  and  in  residential 
areas.  It  is  smaller  than  the  Robin  and  has  spots  on  Its 
breast.  It  includes  In  its  diet  grasshoppers,  crickets, 
cutworms,  potato  beetles,  frost  grapes,  wild  blackberries, 
wild  cherries,  reeds  of  the  spice  bush  and  the  southern 
magnolia  tree. 

Hermit  Thrush  (Hyloclchla  guttata)  -  Common  In  northern  woodlands  during 
breeding  season;  is  a  resident  of  Washington,  Oregon,  Calif¬ 
ornia  and  Arizona;  winters  In  the  lower  half  of  the  United 
States.  It  seldom  gets  around  man.  Similar  in  coloring  to 
the  Wood  Thrush.  It  eats  insects,  wild  fruit  and  berries. 

Swainson's  Thrush  (Hyloclchla  ustulata)  -  It  breeds  In  the  Northwestern 
States  and  migrates  through  the  United  States  probably  on 
Its  way  to  South  America.  Similar  in  ...’kings  of  the  Wood 
Thrush  but  Its  back  Is  olive  colored.  Us  food  Includes 
worms,  snails,  insects,  beetles,  ants,  wasps,  and  wild 
fruits. 
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Grey-cheeked  Thrush  (Hyloclchla  minima)  -  Migrates  through  the  United 
States  enroute  between  Canada  and  Peru.  Has  grey  cheeks, 
olive  tall,  and  spotted  breast. 


Veery  (Hyloclchla  fuscescens)  -  Common  In  deep  woods.  Similar  In  color¬ 
ing  to  the  Wood  Thrush  except  spots  on  breast  not  as  distinct. 
It  breeds  in  the  Northern  States  from  the  Rocky  Mountains  to 
the  East  Coast.  It  migrates  through  the  Southern  States  in 
its  migration  to  South  America.  It  feeds  on  beetles,  snails, 
insects,  and  wild  fruit. 


Herons  and  their  allies  are  of  the  Order  Ciconiiformes  and  Family 
Ardeidae.  Under  this  order  are  grouped  the  long-legged  wading  birds 
generally  found  along  shores  or  on  muddy  flats. 

There  are  13  species  of  herons  including  the  egrets  and  bitterns  that 
nest  in  colonies.  Host  feed  on  aquatic  animal  life  in  shallow  water 
and  marshes.  These  species  are  represented  in  all  parts  of  contiguous 
United  States  except  in  areas  .of  continuous  cold  or  drought. 

Including  all  the  species  there  is  probably  a  population  of  upward  of 
one  million  by  virtue  of  the  fact  there  were  167,000  Great  Blue  Herons 
noted  by  Seaman  in  1969  (Reference  7  )  and  that  many  of  the  species 
are  equally  common.  The  thirteen  species  are  the  following: 

Great  White  tieron  (Ardea  occidental  is)  -  Common  in  southern  Florida  and 
Florida  Keys  around  salt  water  only;  average  weight  is 
9  pounds;  maximum  weight  is  13  pounds;  wingspread  is  70 
inches,  but  seldom  soars  or  glides;  is  the  largest  of  the 
white  species;  and  does  not  flock. 

Great  Blue  Heron  (Ardea  herodias)  -  Seaman  in  1969  estimated  that  there 
were  167 .0Q0  of  this  species  (Reference  7  )  and  is  common 
on  fresh  water  as  welV  as  salt  water;  average  weight  is 
9  pounds;  maximum  weight  is  13  pounds;  wingspread  is  70 
inches,  but  seldom  soars  or  glides;  is  destructive  to  the 
spawn  and  young  of  game  fish;  and  is  the  largest  of  the  dark 
species.  The  species  breeds  in  the  entire  contiguous  United 
States  except  areas  of  the  Rocky  Mountains  and  Arizona. 

(See  Figure  17). 


FIGURE  17 

Distribution  of  Great  White  and  Great  Blue  Herons 
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Corraion  Egret  (Casmerodius  albus)  -  Common  along  streams,  ponds,  rice 
fields,  salt  and  fresh  water  marshes  and  mudflats;  is  white 
but  is  slightly  smaller  than  the  Great  White  Heron;  wing- 
spread  is  55  inches;  and  at  one  time  was  almost  extinct  due 
to  the  use  of  its  plumage  by  the  millinery  trade.  It  is  a 
permanent  resident  of  North  Carolina,  South  Carolina,  Florida, 
Georgia,  Alabama,  Mississippi,  Louisiana,  Texas,  California 
and  Oregon;  and  the  extended  breeding  range  includes  Arizona, 
New  Mexico,  States  above  the  Gulf  up  to  the  Great  Lakes,  and 
States  along  the  Atlantic  as  noted  in  Figure  18  . 
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FIGURE  18 

Distribution  of  Common  Egrets 
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Snowy  Egret  (Leucophoyx  thisla)  -  Common,  mostly  in  fresh  and  salt  water 
marshes,  and  has  a  wingspread  of  38  inches.  It  is  a  perma¬ 
nent  resident  in  lower  Florida,  parts  of  northern  and  lower 
Ca^fornia,  and  in  the  lower  end  of  Texas.  Its  extended 
breeding  ranges  include  Oregon,  Nevada,  the  Gulf  States, 

North  and  South  Carolina  and  Virginia,  as  noted  in  Figure  19. 
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FIGURE  19 
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Distribution  of  Snowy  Egret. 
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Cattle  Egret  (Bubulcus  Ibis)  -  Common  and  spreading;  seen  in  flocks  iri 
pastures  feeding  on  insects;  average  weight  is  3/4  pound; 
maximum  weight  is  1  pound,  wingspread  is  37  inches;  and  is 
white.  Is  a  resident  of  Florida  and  along  Gulf  Coast  to  tip 
of  Texas;  and  migrates  inland  through  most  of  Southern  States 

Reddish  Egret  (Dichromanassa  rufescens)  -  Uncommon  dark  heron  of  salt¬ 
water  flats  and  has  a  wingspread  of  46  inches.  It  is  a  resi¬ 
dent  of  the  lower  ends  of  Texas  and  Florida. 

Yellow-crowned  Night  Heron  (Nycf.anassa  violacea)  -  Less  common;  hunts 
at  night  but  is  found  feeding  during  the  day;  is  a  solitary 
species  and  rarely  more  than  three  are  found  together;  they 
usually  feed  on  mussels,  crawfish,  and  small  crabs;  and  has 
a  wingspread  of  44  inches.  It  is  a  resident  of  Gulf  Coast 
States  and  extends  its  breeding  range  inland  the  same  as 
Reddish  Egret.,  as  noted  in  Figure  20. 
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FIGURE  20 
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Distribution  of  Cattle  and  Reddish  Egret 
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Louisiana  Heron  (Hydranassa  tricolor)  -  Common  and  abundant  along  salt¬ 
water  shores,  with  a  wingspread  of  38  inches.  It  is  a 
resident  of  the  shores  of  North  and  South  Carolina,  Florida, 
Alabama,  Mississippi,  Louisiana,  and  Texas,  and  may  extend 
the  range  along  the  Atlantic  Coast  upward  to  Connecticut. 


■Little  Blue  Heron  (Florida  caerulea)  -  Common  along  fresh  and  salt  water, 
with  a  wingspread  of  41  inches.  It  is  a  resident  of  the 
shores  of  North  and  South  Carolina,  Florida,  Alabama,  Missis¬ 
sippi,  Louisiana  and  Texas  and  extends  its  range  inland  and 
along  the  Mississippi  River  to  Wisconsin  as  noted  in  Figure  21. 
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Distribution  of  Louisiana  and  Little  Slue  Heron 
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Green  Heron  (Butorides  virescens)  -  Common,  and  abundant  in  botii  fresh 
and  salt  water;  found  more  often  than  ether  herons  in  small 
ponds  and  wooded  streams;  is  small  with  a  wingspreaci  of 
25  inches,  is  a  common  resident  along  coast  of  California, 
the  tip  of  Texas  and  lower  Florida;  and  breeds  in  Oregon, 
Washington,  and  all  States  from  the  Great  Plains  border  to 
the  Atlantic  Coast  as  noted  in  Figure  22  . 


Distribution  of  Green  Heron 


Black-crowned  Might  Heron  (Nycticorax  nycticorax)  -  Coimion  around  fresh¬ 
water  swamps,  ponds,  and  tidal  marshes;  may  raise  two  broods 
a  year;  has  a  heavy  body  and  a  wingspread  of  44  inches. 

Fishes  more  at  night  and  flies  in  loose  flocks.  Is  a  resi¬ 
dent  along  the  Atlantic  Coast  from  Hew  Jersey  to  the  Florida 
Keys,  along  the  Gulf  Coast  to  Texas;  in  California,  Oregon, 
Nevada;  and  up  the  Mississippi  River.  It  extends  its  breed¬ 
ing  range  to  the  Central  States  and  Washington,  as  noted  in 
figure  23. 

American  Bittern  (Botaurus  lentiginosus)  -  Common  in  fresh-water  marshes, 
but  is  also  seen  in  meadows  hunting  grasshoppers;  is  very 
elusive,  most  active  at  dusk  and  at  night;  wingspread  is 
45  inches;  and  does  not  flock.  Breeds  in  all  of  the  conti¬ 
guous  United  States. 

Least  Bittern  (Ixobrychus  exilis)  -  Coiir.ion,  but  very  shy;  remains  hidden 
in  tall  fresh-water  grasses  and  hedges;  smallest  heron,  with 
a  wingspread  of  17  inches;  rather  run  or  climb  than  fly; 
seldom  flies  higher  than  100  feet.  Breeds  in  the  eastern 
half  cf  the  contiguous  United  States. 


FIGURE  23 


Uistribjtion  of  Black-crowned  Night  Heron 
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Wood  Ibis  or  Storks  are  of  the  Order  Clconliformes  and  Family  Ciconiidae. 
They  are  long-legged  wading  birds  that  are  allies  of  the  Heron. 


The  Wood  Ibis,  or  Wood  Stork  (Mycteria  americana),  is  the  only  American 
stork;  weighs  approximately  10  pounds;  wingspread  is  66  inches;  breed¬ 
ing  season  is  November  through  April  in  14  successful  breeding  colonies 
located  in  the  marshes  of  lower  Florida;  spends  remainder  of  year  in 
lower  California,  Texas,  Louisiana,  Mississippi,  Arkansas,  Alabama, 
Georgia,  and  South  Carolina;  (Figure  24). 

The  Wood  Ibis  is  ar.  expert  glider,  making  use  of  the  thermal  air 
currents  for  transportation  to  feeding  areas.  They  may  rise  1000  to 
2500  feet  and  soar  as  far  as  20  miles  at  speeds  to  35  miles  per  hour. 
(Reference  15). 

The  Wood  Ibis  dwindled  from  over  100,000  located  in  Florida  to  less  than 
8000  in  1957,  but  by  1964  had  increased  to  over  20,000  (Reference  15). 
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Distribution  of  Wood  Ibis  (American  Stork) 


Owls  are  of  the  Order  Strigiformes  consisting  of  two  Families;  Tytoni- 
dae,  the  Barn  Owls,  and  Strigidae,  all  other  owls.  Owls  are  mostly 
nocturnal  raptorial  birds  of  prey  and  like  other  raptorial  birds  capture 
their  prey  with  their  feet.  All  owls  fly  silently  and  swiftly  hunting 
for  rodents  and  small  mammals.  The  number  of  owls  in  the  continental 
United  States  is  estimated  to  be  2  to  4  million. 

There  are  19  species  of  owls  that  are  either  local  or  are  occasional 
migrators  from  Canada.  The  19  species  of  owls  are  the  following: 


Great  Horned  Owl  (Bubo  virginianus)  -  Common,  nocturnal,  large-eared 

owl;  average  weight  is  4  pounds;  maximum  weight  is  6  pounds; 
wingspread  is  55  inches;  nests  in  caves,  on  ledges,  or  in  a 
hollow  tree;  and  is  highly  destructive.  He  feeds  on  game 
birds,  song  birds,  rabbits,  squirrels,  partridge.,  and  fre¬ 
quently  skunks.  He  occasionally  develops  a  craving  for 
young  turkeys  and  guinea  fowl.  His  breeding  habits  are 
peculiar  and  he  may  nest  and  lay  eggs  as  early  as  January, 
stolidly  incubating  under  a  thick  blanket  of  snow.  The 
Great  Horned  Owl  is  found  in  all  the  continental  states. 


Screech  Owl  (Otus  asio)  -  Common  small-eared  owl  of  towns,  orchards  and 
small  woodlots;  average  weight  is  1/2  pound;  and  wingspread 
is  22  inches.  The  Screech  Owls  are  scattered  over  the  entire 
United  States  but.  are  nonmigratory.  It  nests  in  cavities  and 
feeds  on  Insects,  mice,  crawfish,  toads,  scorpions,  lizards, 
and  fish.  The  insects  include  grasshoppers,  crickets,  beetles 
and  cutworms. 


Long-eared  Owl  (Asio  otus)  Locally  common  in  deciduous  or  coniferous 
woods  near  open  country  in  the  States  noted  in  Figure  25. 
Wingspread  is  39  inches;  is  an  industrious  mouser  and  bothers 
comparatively  few  birds;  and  nests  in  trees. 


FIGURE  25 


Distribution  of  Long-eared  Owl 
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Short-eared  Owl  (Aslo  flammeus)  -  Common  in  open  country  over  plains, 
bogs  and  marshes;  wingspread  is  41  inches;  will  gather  in 
colonies  or  flocks  of  100  or  more;  may  hunt  in  foggy  or 
cloudy  days  as  well  as  at  night;  and  feeds  on  mice,  small 
ground  squirrels,  and  sparrows.  The  Short-eared  Owl  breeds 
in  the  Northern  States  of  Washington,  Oregon,  Idaho,  Montana, 
Wyoming,  North  Dakota,  South  Dakota,  Minnesota,  Iowa,  Wiscon¬ 
sin,  Michigan,  New  York,  and  Massachusetts;  and  winters  in 
remainder  of  the  continental  United  States. 


Barn  Owl  (Tyto  alba)  -  Unconmon  owl;  average  weight  is  0.5  pound;  maxi¬ 
mum  weight  is  0.8  pound;  wingspread  is  44  inches;  nests  in 
church  steeples,  barns,  abandoned  buildings  and  tree  cavities; 
feeds  on  mice  and  gophers  and  is  strictly  nocturnal.  The 
Barn  Owl  is  found  in  most  States  as  shown  in  Figure  26. 

Snowy  Owl  (Nyctea  scandiaca)  -  A  diurnal  arctic  owl  that  winters  occa¬ 
sionally  in  States  around  the  Great  Lakes;  average  weight 
is  5  pounds;  wingspread  is  55  inches;  feeds  on  lemmings, 
rodents  and  rabbits. 


Resident 


FIGURE  26 

Distribution  of  Barn  Owls 
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Barred  Owl  (Strix  varia)  -  Common;  found  in  swamps  and  river  bottoms; 
average  weight  1$  2  pounds;  maximum  weight  is  3  pounds; 
wingsprtad  is  44  inches;  begin  nesting  in  March  or  early 
April;  and  builds  nest  In  the  hollow  of  a  tree  or  uses  the 
deserted  nests  of  crows  or  hawks.  It  feeds  on  mice,  frogs, 
lizards >  crawfish,  spiders,  other  insects  and  occasionally 
will  take  small  birds  for  food.  It  Is  a  resident  cwl  in 
the  states  shown  in  Figure  27. 


Spotted  Owl  (Strix  occidentalis)  -  Rare;  is  western  counterpart  of 

Barred  Owl  but  much  lighter,  probably  weighs  up  to  3  pounds, 
and  wlngspread  Is  42  Inches.  It  is  found  In  the  mountains 
of  Southern  California,  Oregon,  Washington,  Arizona,  New 
Mexico,  and  -outhern  Colorado,  as  noted  In  Figure  27. 

Great  Grey  Owl  (Strix  nebulosa)  -  Rare;  appears  to  be  larger  than  the 

Great  Horned  Owl  but  weighs  about  the  same  as  the  Barred  Owl ; 
and  wingspread  Is  60  Inches.  It  Is  found  in  pine  and  spruce 
forests  in  the  mountains  of  Northern  California,,  Oregon, 
Washington,  Idaho,  Montana,  North  Dakota,  and  Minnesota. 

Its  diet  includes  rabbits,  mice,  squirrels,  and  small  birds. 
The  Great  Grey  Owl  hunts  both  by  day  and  night. 
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FIGURE  27 

Distribution  of  Barred  and  Spotted  Owl 
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Hawk  Owl  (Surnia  ulula)  -  .  to  the  United  States;  diurnal  owl;  be¬ 

cause  of  long  ta-* »  esembles  the  falcon  and  hunts  like  a 
hawk;  wingspread  33  Inches;  and  when  found  In  the  United 
States  It  will  b.  iong  the  Canadian  torder. 

Burrowing  Owl  (Speotyto  cunlcularla)  -  Locally  conmon;  diurnal  owl; 

nests  in  prairie  dog  holes,  badger  burrows  or  fox  den  desert¬ 
ed  by  prior  owner;  Is  a  small  owl  that  probably  does  not 
welqh  more  than  1/2  pound;  wingspread  Is  22  Inches;  and 
Includes  in  its  diet  squirrels,  snakes,  lizards,  grasshoppers, 
small  birds,  and  occasionally  Rough-legged  Hawks.  In  the 
lower  portion  uf  Florida  is  a  permanent  resident  including 
inhabiting  airports.  It  Is  found  In  all  the  Western  States 
on  the  plains  as  a  resident  or  extended  breeding  ranges. 

May  winter  In  Texas. 


Boreal  Owl  (Aegollus  funereus)  -  Rare  to  the  United  States;  nocturnal 
owl;  probably  weighs  upward  of  one  pound;  wingspread  is  24 
Inches;  and  Is  found  only  along  the  Canadian  border. 

Saw-whet  Owl  (Aegollus  acadlcus)  -  Common;  nocturnal  owl;  a  small  owl 

probably  weighs  less  than  1/2  pound;  wingspread  Is  17  Inches; 
is  a  sound  sleeper  by  day  and  susceptible  to  attack  from 
other  predators  Including  the  Barred  Owl;  and  It  nests  and 
roosts  in  evergreens  and  dense  thickets.  It  Is  found  in 
most  states  except  the  lower  Southern  States  that  border  the 
Gulf  of  Mexico. 


Whiskered  Owl  (Otus  trlchopsls)  -  Common  in  canyons  of  Arizona  and 
lower  California;  similar  to  the  Screech  Owl;  probably 
weighs  1/2  pound;  and  wingspread  is  16  inches. 

Flammulated  Owl  (Otus  flamneolus)  -  Rare;  found  In  pine  woods  of  Western 
States;  probably  weighs  less  than  1/2  pound;  and  has  wing- 
spread  of  14  Inches. 

Pygmy  Owl  (Glaucldlum  gnoma)  -  Common;  small  owl;  probably  weighs  up  to 
1/2  pound;  wingspread  is  15  Inches;  rcosts  and  nests  In 
coniferous  and  deciduous  woods;  in  flight  Its  wings  make  a 
distinct  whistling  sound;  partly  diurnal;  and  Its  diet 
Includes  insects,  small  birds  and  rodents.  It  will  attack 
squirrels,  rodents,  or  birds  much  larger  than  Itself.  It 
Is  found  In  Montana,  Wyoming,  Colorado,  New  Mexico  and 
states  westward  to  the  Pacific  Coast.  It  Is  considered  as 
a  non-mlgratory  bird. 
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Elf  Owl  (Mlcrathene  whltneyl)  -  Common  In  the  southwest  deserts  of 
Arizona,  New  Mexico  and  lower  California  and  lower  Texas 
where  saguaro  cactus  are  prevalent;  a  very  small  owl  of  the 
perching  bird  size;  nests  in  the  uppermost  part  of  the 
cactll.  Strictly  a  nocturnal  owl  that  hunts  Insects  through¬ 
out  the  night. 

Ferruginous  Owl  (Glaucldlum  braslllanum)  -  Uncommon;  is  small;  probably 
weighs  less  than  1/2  pound;  wlngspread  Is  15  Inches;  found 
In  wooded  river  bottoms  and  saguaro  deserts  near  Mexican 
border  In  states  of  Arizona,  New  Mexico,  and  Texas. 
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Cranes  are  of  the  Order  Grulformes  and  Family  Gruldae.  They  are  wading 
birds  or  marsh  birds,  consisting  of  two  species  as  follows: 


Sandhill  Crane  (Grus  canadensis)  -  Has  an  average  weight  of  9 

pounds  and  a  maximum  weight  of  13  pounds.  It  has  a  wing 
span  of  approximately  6-1/2  feet. 

The  Sandhill  Crane  resides  locally  in  open  prairies  and 
fields  and  eats  roots,  bulbs,  grains,  insects,  small  rodents 
and  frogs. 

It  has  been  estimated  by  Seaman  In  1969  (Reference  7  )  that 
there  were  150,000  of  these  birds  in  the  continental  United 
States. 

The  Sandhill  Crane  permanently  resides  In  Florida,  winters 
in  lower  Texas  and  California,  and  breeds  in  the  upper  por¬ 
tions  of  the  United  States  west  of  the  Mississippi  and  in 
Canada  (Figure  28).  It  is  often  seen  In  flocks  except 
during  the  breeding  season. 
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Migrating  Sandhill.  Cranes 
pass  into  Canada  in  early  May 


Migratory  Sandhill  Cranes 
\pass  this  area  in  early  April 


Migratory  Sandhi 1 
Cranes  pass 
this  area  in 
early  March 


Wintering  area 


Sreeding  areas 


Wintering 
FIGURE  28  area 
Distribution  of  Sandhill  Cranes 
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Whooping  Crane  (Grus  amerlcana)  -  Was  thought  to  be  extinct  until 

the  early  1950's.  The  population  of  Whooping  Cranes  Is  esti¬ 
mated  to  total  50. 


The  Whooping  Crane  stands  approximately  five  feet  tall  and 
has  a  wing  span  of  9Q  inches.  The  weight  Is  not  known  but 
seems  to  be  much  greater  than  the  Sandhill  Crane's  welqht 
which  is  13  pounds.  He  is  almost  pure  white. 

The  Whoopers  migrate  2500  miles  between  their  nesting  grounds 
in  toe  Wood  Buffalo  National  Park  in  Canada  and  their  winter 
resort  in  Aransas  National  Park  in  Texas  (Figure  29).  The 
Whooping  Crane  travels  approximately  200  miles  per  day 
may  reach  speeds  of  45  miles  pe.  hour,  and  usually  travel 
pairs. 


The  Whoopers  arrive  at  their  wintering  grounds  in  mid-October 
and  leave  six  months  later  for  their  nesting  area  in  Canada. 
(Reference  16).  Supposedly,  the  Whooping  Crane  flies  at 
such  great  heights  that  the  inhabitants  below  seldom  see  the 
birds  migrate  (Reference  16). 


i 
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Ring-necked  Pheasant  is  a  gallinaceous  bird  of  the  CMer  Galliformes, 
Family  Phasianidae,  species  Phaslanus  colchicus  that  <s  strictly  a 
ground  dwelling  bird. 

The  Ring-necked  Pheasant  is  one  of  many  gamebird  species  released  in 
the  United  States  and  has  succeeded  in  adapting  sufficiently  to  become 
fairly  common  in  States  noted  In  Figure  30. 

The  average  weight  is  2.1  pounds;  maximum  weight  is  4.1  pounds;  wing- 
spread  Is  32  Inches;  flies  only  short  distances;  commonly  found  in 
open  woods,  on  farmlands  in  brush,  hedgerows  and  cornfields.  It 
roosts  in  trees  and  feeds  on  grains,  seeds  and  berries. 


FIGURE  30 

Distribution  of  Ring-necked  Piieasant 


Pelicans  are  of  the  Order  Pel ecani formes.  Family  Pelecanidae  and  are 
extremely  large  birds.  Seaman  estimated  that  there  are  67,000  Pelicans 
In  the  continental  United  States.  There  are  two  species  of  Pelicans  as 
follows: 


Brown  Pelican  (Pelecanus  occidental is)  -  Has  an  averaoe  weight  of 
8-1/2  pounds  and  wingspread.  of  approximately  8-1/2  feet. 

The  Brown  Pelican  is  nonmlgratory  and  a  colony  nester  that 
breeds  along  the  Atlantic  Coast  *:outh  from  South  Carolina,  the 
Gulf  of  Mexico,  and  the  West  Coast  (Figure  31).  When  search¬ 
ing  for  fish,  the  Laughing  Gulls  follow  the  Brown  Pelicans 
and  steal  their  catches  of  fish. 

Small  flocks  fly  in  long  lines  with  a  flock  density  of  2/1000 
cubic  feet. 

Normally  the  Brown  Pelican."  nest  in  mangrove  trees  but  will 
nest  on  the  ground.  The  breeding  season  is  from  November  to 
May  (Reference  13). 


Distribution  of  Brown  Pelicans 
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White  Pelican  (Pelecanus  erythrorhynchos)  -  Has  an  average  weight  of  15 
pounds  and  wingspread  of  approximately  9-1/2  feet. 

The  White  Pelicans  are  (ocally  common  in  breeding  colonies 
in  North  Dakota,  the  West  Coast  and  lakes  in  Northern  Calif¬ 
ornia  and  Oregon  with  several  hundred  pairs  in  each  colony. 
Their  wintering  areas  are  the  lower  coastal  area;  of  California 
and  in  states  along  the  Gulf  of  Mexico  from  Texas  to  Florida. 
(Figure  32). 

The  White  Pelican  migrates  in  long  lines  In  V-formatlons  and 
often  soars  at  great  heights.  The  flock  density  is  approxi¬ 
mately  3/1000  cubic  feet. 

The  White  Pelican  season  for  breeding  occurs  between  April 
and  September  (Reference  13). 


Migratory  White  Pelicans 
pass  this  area  in  May 
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FIGURE  32 


Distribution  ot  White  Pelicans 


rriqatebirds  are  of  the  Order  Pelecani formes,  Family  Fregatid'e.  The 
Magnificent  Frigatebird  (Freaata  magnificens) ,  or  "man-o'war"  bird 
restricts  its  range  to  subtropical  American  waters,  but  in  the  sumner 
is  common  to  the  Florida  Keys.  During  storms  may  appear  along  West, 
Gulf  and  Southeast  coasts.  Average  weight  is  3-1/2  pounds;  maximum 
weight  is  4  pounds;  its  wingspread  is  90  inches. 

Since  the  frigatebird  nests  in  temperate  zones  it  may  raise  more  than 
one  brood  a  year.  It  is  probably  the  most  aerial  of  all  sea  birds  and 
can  soar  for  hours.  When  a  flock  of  thousands  soar  it  appears  like  an 
aerial  invasion. 

They  feed  on  fish  and  act  in  a  piratical  manner  chasing  other  birds, 
forcing  them  to  drop  their  food  that  they  catch  in  mid-air,  like  newly 
hatched  turtles;  and  snatches  Tern  eggs  and  young. 
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Eagles  are  raptorial  birds  of  the  Order  Falconiformes,  Family  Accipltri- 
dae  that  have  strong  talons  used  to  kill  their  prey  and  a  heavy  sharp 
hooked  bill  used  to  rip  their  prey  into  pieces.  The  Eagles  belong  to 
the  same  family  as  the  hawks  but  are  generally  much  larger.  There  are 
two  species  of  Eagles  as  follows: 

Bald  Eagle  (Haliaeetus  leucocephalus)  or  American  Eagle  has  become 

a  rare  bird,  and  it  Is  estimated  that  fewer  than  500  pairs 
exist  (Reference  17).  Since  1940  it  has  been  protected  by 
law.  Recent  causes  for  the  decrease  in  numbers  is  attributed 
to  pesticides  that  have  polluted  the  streams  and  fish  inhabit¬ 
ing  them.  Generally,  the  Bald  Eagle  consumes  salt  or  fresh 
water  fish,  and  kills  many  rabbits,  snakes,  rodents  and  small 
waterfowl  ^or  his  food.  The  Bald  Eagle  has  a  wingspread  of 
80  inches;  is  an  average  weight  of  9.5  pounds  and  a  maximum 
weight  of  11.5  pounds. 

Its  favorite  nesting  areas  seem  to  be  Florida,  the  Great  Lakes 
region,  around  Chesapeake  Bay,  the  tidelands  section  of  the 
Middle  and  South  Atlantic  States,  along  the  Mississippi  and 
occasionally  other  parts  of  the  country.  (See  Figure  33) 
Normally,  the  Bald  Eagle  is  a  nonmigratory  bird  other  than 
when  the  lakes  are  frozen  or  there  is  a  local  shortage  of 
food. 

The  nesting  sites  are  generally  in  tall  trees  or  in  crevices 
of  cliffs. 


Breeding 

areas 


FIGURE  33 

Distribution  of  Bald  Eagles 


Golden  Eagle  (Aqulla  chrysaetos)  -  Is  becoming  a  rare  bird,  with  less 
than  10,000  existing  in  the  continental  United  States 
(Reference  18). 

The  Golden  Eagle  Is  a  raptorial  bird  that  has  been  protected 
since  1962  by  Public  Law  87-884.  Generally  consumes  rabbits 
and  rodents  as  a  diet,  but  is  a  predator  of  snakes,  other 
birds,  squirrels,  deer,  and  others. 

The  Golden  Eagle  has  a  wingspread  of  78  inches,  has  an  average 
weight  of  11  pounds  and  a  maximum  weight  of  14.8  pounds. 

It'  favorite  nesting  areas  seem  to  be  California,  Idaho, 
Montana,  Wyoming  and  South  Dakota.  It  seems  to  favor  New 
Mexico  and  West  Texas  as  wintering  range  (Figure  34).  It 
is  rare  east  of  the  Mississippi.  The  nesting  sites  are 
generally  in  crevices  of  cliffs  or  in  tall  trees. 


Rare  wintering 
areas 
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Loons  are  of  the  Order  Gavliformes,  Family  Gavildae,  and  are  noted  for 
their  swiftness  in  swimming,  diving  and  flying.  In  the  breeding  period 
they  occur  in  the  cooler  regions  north  of  the  Arctic  Circle.  In  winter 
they  move  into  temperate  regions,  especially  along  seacoasts.  There  are 
five  species  of  Loons  but  only  three  are  found  in  the  United  States. 

The  three  species  are  the  following: 

Common  Loon  (Gavia  immer)  -  Average  weight  Is  3-1/2  pounds;  maximum 

weight  is  8  pounds;  wingspread  is  58  Inches;  and  they  gener¬ 
ally  migrate  In  small  flocks.  May  breed  in  States  bordering 
Canada  as  far  south  as  the  Great  Lakes.  It  usually  spends 
the  nights  on  some  off-shore  Island  or  sandbar  and  during 
the  day  stays  off-shore  on  the  water.  Usually  come  ashore 
to  breed  and  nest.  Its  wlngbeats  are  fast  even  when  gliding. 
It  feeds  on  fish,  crustaceans,  some  water  plants.  It 
winters  along  the  Pacific,  Atlantic,  Gulf  Coast,  and  Great 
Lakes. 


Arctic  Loon  (Gavia  arctica)  -  Is  smaller  than  the  Common  Loon  and  prob 
ably  weighs  about  the  same  as  a  heavy  duck;  wingspread  is 
47  Inches;  and  Its  habits  are  similar  to  the  Common  Loon. 

In  the  United  States  it  Is  found  only  along  the  West  Coast 
from  the  Canadian  border  to  Mexico. 


Red-throated  Loon  (Gavia  stellata)  -  Is  the  smallest  loon  frequenting 
the  United  States;  probably  weighs  about  the  same  as  a 
Mallard  Duck  which  Is  3-1/2  pounds;  has  a  wingspread  of  44 
Inches;  often  migrate  In  flocks;  and  Its  habits  are  similar 
to  the  Common  Loon.  It  Is  found  during  the  winter  along 
the  Pacific  Coast,  the  Atlantic  Coast,  and  the  shores  of  the 
Great  Lakes.  In  the  autumn  it  Is  seen  in  flocks  migrating 
down  the  Atlantic  Coast,  but  In  spring  it  travels  In  the 
interior  to  its  breeding  grounds,  generally  In  Canada.  In 
the  past  it  has  bred  in  the  Lake  Ontario  coastal  regions. 

Plovers  are  shore  birds  of  the  Order  Charadrll formes  of  the  Family 
Charadrlidae.  The  Plovers  are  generally  migratory  and  they  may  cover 
great  distances  in  their  journeys  between  their  winter  and  summer  homes. 
They  are  comparatively  small  birds,  and  feed  from  water  surfaces  and 
often  feed  on  the  dry  uplands.  Their  food  is  insects  and  small  marine 
life.  Throughout  the  world  there  are  75  species  of  Plovers,  but  In  the 
continental  United  States  there  are  eight  species  as  follows: 

Mountain  Plover  (Eupoda  montana)  -  Common  In  the  Rocky  Mountain  States 
and  adjacent  prairies  where  water  Is  abundant;  It  Is  a  fast 
runner  that  seldom  flies  but  when  In  flight  It  flies  low; 
and  probably  weighs  less  than  4  ounces.  It  feeds  on  locusts 
and  grasshoppers. 
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American  Golden  Plover  (Pluvial is  dominica)  -  Is  one  of  the  longest 

migrators  traveling  from  their  breeding  grounds  in  the  Arctic 
to  Argentina.  Usually,  they  pass  off  the  Atlantic  Coast  in 
August  and  September  and  do  not  stop  unless  blown  in  by  heavy 
winds.  They  return  in  April  and  May  from  South  America  going 
north  along  the  Mississippi  Valley.  They  weigh  about  1/4 
pound  and  their  flock  size  is  approximately  500  birds  in  num¬ 
ber.  Their  diet  includes  seaweeds  and  grasshoppers. 
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Black-bellied  Plover  (Squatarola  squatarola)  -  Is  the  largest  of  the 
Plovers,  but  does  not  migrate  in  large  flocks.  Breeds  in 
the  Arctic  tundras  and  winters  along  the  Atlantic,  Pacific, 
and  Gulf  Coasts  and  into  South  America.  It  finds  its  food 
in  the  ocean  and  does  not  go  inland  for  food  except  during 
migrations. 

Piping  Plover  (Charadrius  melodus)  -  Uncommon;  when  found  it  fs  on  dry 
beaches  along  the  Atlantic  and  Gulf  Coasts  in  winter. 

Migrates  up  the  Mississippi  and  may  breed  in  North  Dakota 
.  and  Montana.  They  are  seen  singly  or  in  small  groups. 

Generally  Its  food  Is  marine  life. 

Snowy  Plover  (Charadrius  alexandrinus)  -  Is  a  western  bird  that  Is  found 
on  sand  flats  and  alkali  ponds  in  California,  Nevada,  Utah, 
Colorado,  Kansas,  Texas,  New  Mexico,  and  Arizona  during 
breeding  season;  and  along  the  Gulf  Coasts  States  in  winter. 

Semipalmated  Plover  (Charadrius  semipalmatus)  -  Common;  along  Atlantic 
'  Seaboard  is  most  common  Plover,  and  found  on  beaches  and  mud¬ 

flats;  their  breeding  grounds  are  In  the  far  north  and  they 
winter  along  Atlantic,  Gulf  States,  and  South  America.  The 
migration  northward  occurs  North-South  from  their  wintering 
areas.  Its  diet  includes  grasshopper*:  and  mosquitoes. 

/ 

■-4  Wilson's  Plover  (Charadrius  wllsonia)  -  A  local  species  found  as  resi¬ 

dents  of  North  Carolina,  South  Carolina,  and  Florida  and  has 
been  found  wintering  in  Texas  and  lower  California. 

i  Kill  deer  (Charadrius  vociferus)  -  Common;  found  in  fields  and  pastures; 

and  found  in  nearly  every  State  of  the  continental  United 
i  States.  It  feeds  on  mosquitoes,  fever  tick,  crane  flies, 

weevils,  bill  bugs,  wire  worms,  click  beetles,  horse  flies, 
i  crawfishes,  and  marine  worms. 
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Sandpipers  and  Snipes  are  shorebird  or  wading  birds  of  the  Order  ] 

Charadrii formes.  Family  Scolopacidae,  that  differ  from  Plovers  in  • 

having  longer  bills  with  several  species  having  curved  bills.  They  i 

migrate  and  pass  the  winter  in  flocks.  They  are  seldom  found  far 
from  shore  and  moist  ground.  Their  foods  consist  of  grasshoppers, 
army  worms,  cutworms,  cabbage  worms,  cotton  worms,  boll  weevils, 

rice  weevils,  Texas  fever  ticks,  horseflies,  and  mosquitoes.  There  i 

are  approximately  100  species  in  the  family  but  only  33  species,  ! 

including  Curlews,  of  Sandpipers  and  two  species  of  Snipes.  The  i 

weight  ranges  for  these  35  species  is  probably  one-quarter  pound  ; 

up  to  two-and-one-half  pounds.  Nine  of  the  species  breed  in  the 
continental  United  States.  The  most  abundant  seems  to  be  the  Common 

or  Wilson's  Snipe  which  has  been  known  to  have  a  population  *  ' 

of  30  to  70  million.  Maximum  weight  is  0.37  pounds. 

i 

i 

Puffins  are  sea  birds  of  the  Order  Charadrii formes,  Family  Alcidae, 
that  come  ashore  only  to  breed.  It  is  estimated  that  there  are 
100,000  Puffins  that  annually  frequent  the  shores  of  the  Atlantic 
and  Pacific  Coasts  of  the  United  States. 

There  are  two  species  that  are  known  to  the  continental  United  States 
as  follows: 

Common  Puffin  (Fratercula  arctica)  is  the  only  puffin  found  a’ong 
the  Atlantic  Coast.  Breeds  as  far  south  as  Maine,  and 
occasionally  winters  in  Massachusetts,  and  rarely  in 
Delaware  Bay.  Average  weight  Is  one  pound;  and  when 
migrating  the  flock  density  is  60/1000  cubic  feet. 

Spends  most  of  winter  at  sea. 

Tufted  Puffin  (Lunda  cirrhata)  is  found  on  the  North  Pacific  Islands 
and  as  far  south  as  the  Santa  Barbara  Islands,  California. 

Spends  the  winter  at  sea. 
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Even  though  this  study  has  covered  those  birds  identified  with  mid-air 
collisions  in  the  noted  years,  there  are  other  bird  families  that  are 
potentially  greater  hazards.  A  few  of  these  birds  are  presented  in  sub¬ 
sequent  paragraphs. 

Swans  are  waterfowl  of  the  Order  Anseri formes,  Family  Anatidae,  subfamily 
Cygninae,  that  are  the  heaviest  birds  frequenting  the  continental  United 
States.  They  are  almost  exclusively  aquatic  birds  and  are  characterized 
by  the  length  of  their  neck,  which  may  be  even  longer  than  the  body. 

Their  plumage  is  generally  pure  white  and,  like  the  geese,  the  distribu¬ 
tion  of  some  swans  is  very  wide.  Their  food  consists  mainly  of  the  seeds 
and  roots  of  waterplants,  though  they  have  been  accused  of  destroying 
great  quantities  of  fish-spawn.  There  are  three  species  of  Swans  within 
the  continental  United  States  as  follows: 

Whistling  Swan  (Olor  columbianus)  -  Species  was  an  almost  extinct  species 
70  years  ago,  but  Federal  laws  were  enacted  to  protect  them. 
Since  ’967  extensive  studies  have  been  conducted  on  the  habits 
and  migration  patterns  of  the  Whistling  Swans.  Specifics  of 
these  studies  are  contained  in  References  19,  20,  and  21. 

It  is  estimated  there  are  over  100,000  Whistling  Swans  that 
breed  in  Canada  and  Alaska.  Approximately  two-thirds  of  the 
birds  winter  on  the  Atlantic  Coast  near  the  Chesapeake  Bay  of 
Maryland,  and  in  small  numbers  in  the  bays  and  inlets  of 
Currituck  and  Albermarle  Sounds  of  Virginia  and  North  Carolina. 
The  remaining  one- third  of  the  birds  winters  In  the  West  in 
Northern  California. 

The  Whistling  Swan  has  a  wlngspread  of  approximately  85  Inches, 
is  an  average  weight  of  13.6  pounds  and  a  maximum  weight  of 
18.6  pounds. 

The  studies  reveal  that  during  migration  there  are  upward  of 
40  birds  in  a  flock  that  fly  in  V-formatlon  with  a  density  of 
2/1000  cubic  feet. 

They  leave  the  Atlantic  Coast  in  late  February  and  arrive  in 
North  Dakota  In  the  middle  of  May.  During  spring  migratory 
flights  the  flocks  may  fly  250  to  600  miles,  before  resting 
and  feeding. 

The  flocks  attain  altitudes  of  6000-8000  feet  and  speeds  up 
to  60  mph. 
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Swan  (01  or  col umbl anus)  travels  by  both  day  and  night  and 
generally  flies  with  a  tail  wind.  Temperatures  recorded 
in  Detroit  during  recent  studies  indicated  temperatures  as 
low  as  18°  during  migrations  to  Canada. 


FIGURE  35 

Distribution  of  Whistling  Swans 
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(Cygnus  olor)  is  an  Old  World  species  introduced  into  eastern 
Nortn  America  and  is  most  commonly  seen  in  parks.  It  breeds 
in  the  wild  locally  on  Long  Island  and  along  the  New  Jersey 
coast  (Figure  36).  It  has  tendencies  of  extending  Its  range 
southward. 


Supposedly,  no  other  swan  breeds  in  the  eastern  United  States. 

The  Mute  Swan  average  weight  is  twenty- two  pounds  and  maximum 
weight  is  35  pounds. 


When  a  flock  of  Mute  Swans  are  in  flight  the  density  is  approx 
imately  two  per  1000  cubic  feet. 


FIGURE  36 

Geographic  Locations  of  Mute  Swans 


Trumpeter  Swan  (Olor  buccinator)  is  the  largest  of  swans  and  was  close 
to  extinction  until  a  sanctuary  was  established  In  1935  in  the 
Red  Rock  Lakes  in  Montana. 

In  1935  there  were  only  73  known  Trumpeter  Swans,  with  46  in 
Red  Rock  Lakes  and  a  few  additional  pairs  in  Yellowstone 
National  Park  and  Idaho  (Figure  37).  The  most  recent  account 
taken  in  1966  Indicated  that  there  were  878  Trumpeter  Swans 
In  the  continental  United  States,  84  in  captivity  and  another 
1000  or  more  In  the  Canadian  Rockies  and  Alaska  (Reference  22) 

Once  Trumpeter  Swans  in  abundance  and  ranged  from  Alaska 
to  Missouri,  wintering  In  the  Ohio  and  Mississippi  yalleys, 
the  lower  Columbia  River  valley  and  along  the  Gulf  of  Mexico. 

Rarely  do  the  Trumpeter  Swans  leave  their  present  breeding 
areas,  but  with  continued  flock  growths  some  pairs  are  now 
being  moved  to  other  sanctuaries  for  public  viewing.  It  is 
believed  by  the  refuge  managers  that  the  great  migrations  of 
the  Trumpeter  Swans  will  never  take  place  again. 

Trumpeter  Swans,  being  wild  birds  have  increased  over  ten-fold 
In  the  past  thirty  years  and  could  potentially  cause  problems 
to  aircraft  In  thr  event  that  North-South  migrations  are 
resumed. 

The  Trumpeter  Swan  Is  approximately  five  feet  long  with  a  wing 
spread  in  excess  of  seven  feet,  and  weighs  up  to  38  pounds. 

Due  to  the  birds'  enormous  size,  a  collision  w*tn  an  aircraft 
could  cause  catastrophic  damage  to  the  aircraft. 


Geographical  Locations  of  Trumpeter  Swans 
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Cormorants  are  fish-eaters  of  J;he  Order  Pelecaniformes,  Family 
Phalacrocoracidae  that  are  chiefly  maritime  in  their  habits.  They 
assemble  in  large  colonies  on  ledges  or  rocky  islands  along  the  sea 
coasts.  When  migrating  the*  fly  at  a  considerable  altitude  but  ordinar¬ 
ily  they  do  not  rise  far  above  the  water.  They  dive  to  great  depths  in 
pursuit  of  fish  but  do  not  dive  from  the  air.  Seamen  estimate  that 
there  are  160,000  Cormorants  frequenting  the  continental  United  States. 
There  are  five  species  o'  Cormorants  that  frequent  the  United  States 
as  follows: 

Double  Crested  Cormorant  (Phalacroccrax  auritus)  is  the  most  common  in 
the  continental  United  States,  Reference  7.  It  Is  found  on 
lakes  and  rivers,  but  mainly  on  the  coasts  as  noted  in  Figure 
38.  The  average  weight  Is  4-1/2  pounds  and  the  wingspread  is 
approximately  50  inches. 


Distribution  of  Double  Crested  Cormorant 
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Great  Cormorant  (Phalacrocorax  carbo)  -  Is  the  largest  Cormorant; 

Average  weight  is  3-3/4  pounds;  maximum  weight  is  9  pounds; 
wingspread  Is  60  inches;  and  feeds  almost  exclusively  on 
fish.  The  Great  Cormorant  winters  along  the  Atlantic 
shores  In  the  upper  New  England  States. 

Brandt's  Cormorant  (Phalacrocorax  penicillatus)  -  Is  slightly  smaller 
than  the  Great  Cormorant;  probably  weighs  an  average  of 
3-3/4  pounds;  wingspread  Is  50  inches;  and  feeds  almost 
exclusively  on  fish,  lhe  Raven  and  Western  Gull  are 
predators  of  their  eggs.  Brandt's  Cormorant  winters  on  the 
Pacific  Coast  from  Canada  to  Mexico. 


Pelagic  Cormorant  (Phalacrocorax  pelagicus)  -  Small  Cormorant; 

wingspread  is  40  inches;  and  winters  on  the  Pacific  Coast 
from  Canada  to  Mexico. 


Olivaceous  Cormorant  (Phalacrocorax  olivaceus)  -  Small  common  Cormorant 
wingspread  Is  40 'inches;  apparently  breeds  in  South  America; 
and  is  found  only  on  the  Gulf  Coast  of  Texas  and  Louisiana. 
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Conclusions  and  Pertinent  Findings 


The  term  "migratory",  as  used  within  the  context  of  bird  relocation,  is 
misleading.  Literature  studied  and  experts  contacted  assign  the  term 
"migratory"  to  only  that  portion  of  bird  movement  involved  in  semi-annual 
migrations  for  survival  and  breeding.  An£  bird  movement  Is  of  interest 
and  concern;  e.g.,  from  roost  to  and  from  feeding  areas,  to  and  from 
winter/summer  homes,  soaring  In  search  of  food,  and  escape  from  hunters' 
firearms.  Lexicographers  define  migratory  as  moving  from  one  area  to 
another,  and  while  it  is  felt  that  the  latter  definition  is  far  more 
appropriate  for  use  In  the  examination  of  bird  behavior,  the  standard 
ornithological  meaning  of  the  word  has  been  applied  throughout  this 
report. 

The  birds  studied  in  this  section  were  those  listed  in  Table  I,  identi¬ 
fied  as  having  been  Involved  in  collisions  with  aircraft.  They  belong 
to  specific  bird  orders  and  have  many  similar  characteristics.  Table  II 
categorizes  the  birds  studied  in  this  section  by  bird  orders  and  Includes 
other  pertinent  Information  such  as  the  number  of  species,  weights,  and 
population. 


* 
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TABLE  II 


PERTINENT  DATA  OF  IDENTIFIED  BIRDS  INVOLVED  IN  REPORTED  BIRDSTRIKES 


ORDER 

Type  and/or 
Characteristic 

Common  Name 

No.  of 
Species 
in  U.S. 

Avg.Wt.  of 
Smallest 
Species 

Avg.Wt.  of 
Largest 
Species 

Hax.Wt.of 

Largest 

Species 

Population 
Density  1r<  the 

U.S. (All  Species) 

Source 
of  Kef. 

Charadri formes 

109 

(Wading  or  Swimming  Birds) 

Gulls 

15 

.661 

2.5# 

4.0# 

1 , 00*3,000- 1  ,500,000 

11.12,9 

»Highiy  migratory 

Plovers 

8 

.25# 

•Shore  birds  except  for 

Sandpipers 

33 

.25# 

2.5# 

Puffins  which  are  pelagic 

Snipes 

2 

.25# 

.37# 

30,000,000-70,000,000 

27 

Puffins 

2 

1.0# 

100,000 

27 

Anseriformes 

46 

(Waterfowl ) 

Swans 

3 

13.6# 

22.6# 

38.0# 

100,000 

8,19.20, 

•Aquatic 

21 

•Migratory 

Geese 

8 

2.5# 

8.0# 

14.0# 

5,000 ,U00 

8 

•Fly  in  Flocks 

Ducks 

35 

.75# 

2.7# 

4.3# 

90,000 ,000 

$ 

Falconi formes 

29 

•Rapacious 

Buzzards/ 

2 

3.0# 

4.5# 

2,000,000-4,000,000 

27 

•Birds  of  Prey 

Vultures 

•vultures  a-d  California 

California 

1 

21.5# 

23.0# 

24 

Condors  are  carrion  feeders 

Condors 

Hawks 

11 

2.0# 

2.5f 

4.5# 

1 5 ,000,000- 30 ,000 ,OPO 

Eagles 

2 

9.5# 

11.0# 

14.8# 

10,000 

17 

Falcons 

6 

.£# 

5.0# 

10.0# 

Columoiformes 

11 

•Vegetarians 

Pigeons/ 

10 

.5# 

1.0# 

20,000,000-40,000,000 

Doves 

Mourning 

1 

.3# 

.37# 

240 ,000 ,000-280 ,00o ,000 

Doves 

Passeriformes 

300 

(Perching  Birds) 

Robins 

1 

•Includes  most  all  song  birds 

Thrushes 

6 

.2# 

•Senses  keenly  developed 

Veerys 

1 

•Host  species  are  insect!- 

Sparrows 

30 

vorous 

Blackbirds 

12 

.1# 

(00 ,000 ,000- 500 ,000 ,000 

•Some  are  fruit  t  seed  eaters 

Starlings 

1 

.25# 

•Some  species  are  migratory 

Larks 

.2# 

Crows/Ravens 

5 

2.!.'# 

Cl coni  1  formes 

19 

(Wading  8irds) 

Herons/ 

•Aquatic  animal  life  feeders 

Egrets; 

13 

0.75# 

9.0# 

13.0# 

1,000,000 

•Some  species  fly  at  night 

Bitterns 

Storks 

1 

10.0# 

20 ,000 

(Wood  Ibis) 

Strigiformes 

19 

j 

•Most  species  are  nocturnal 

Owls 

19 

.5# 

4.0# 

6.0# 

2,000,000-4,000.000 

1 

•Birds  of  prey 

1 

•Raptorial 

_ | 

Gruiformes 

12 

(Wading  Birds) 

Cranes 

*» 

9.0# 

13.0# 

150.000 

7 

•Long-legged  marsh  (tellers 

Pelecaniformes 

15 

•Large  aquatic  birds 

Pelicans 

2 

8.5# 

15.0# 

67,000 

•Fish-eating 

Frigatebirds 

1 

3.5# 

4.01 

•Frigatebirds  often  rob  gulls 

Cormorants 

5 

3.75# 

9.0# 

160,000 

and  Terns  for  food 

•Cormorants  are  divers 

Galliformes 

21 

(Chicken-like) 

Vheasants, 

•Ground  dwellers 

Ring-necked 

1 

2.1# 

4.1# 

•Small  iiead  and  heavy  body 

Gavii formes 

3 

(Diving  Birds) 

Loons 

3 

3.5# 

8.0# 

•Skilled  swimmers 

•Eat  fish,  crustaceans  and 

aquatic  plants 
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SECTION  III 

A  QUANTITATIVE  REVIEW  OF  REPORTED  BIRD/AIRCRAFT  MID-AID  COLLISIONS 

In  Section  Ij  a  study  was  made  of  the  various  species  of  birds  that  have 
been  repeatedly  Involved  In  aircraft  collisions.  The  great  number  of 
birds  and  the  frequencies  that  aircraft  are  airborne  points  up  that 
there  may  not  be  sufficient  air  space  for  Doth  at  all  times. 

In  this  section  the  worldwide  data  that  was  collected  pertaining  to 
bird/aircraft  mid-air  collisions  was  compiled,  sorted,  and  a  quantita¬ 
tive  review  was  made  to  establish  the  cause  and  effect  relationships  of 
bird  hazards  to  aircraft. 

As  shown  In  Table  III,  it  was  believed  that  a  sufficient  data  base  was 
established  from  which  different  kinds  of  studies  were  conducted. 
Although  the  data  compiled  represented  18,097  alrcraft/bird  incidents, 
some  of  the  data  were  more  complete  and  accurate,  and  It  was  found  that 
the  methods  of  summarizing  and  depicting  the  data  in  the  reports  were 
many  and  varied.  When  detailed  data  were  available,  the  individual 
reports  frequently  had  missing  details  such  as  the  altitudes,  speeds, 
bird  Identifications,  time  of  day  and  other  Items.  Therefore,  as  t.he 
program  progressed  it  was  found  that  the  same  data  were  not  usable  for 
every  study. 

From  the  data  collected  pertinent  details  were  selected  for  study  in  the 
following  categories: 

°  Phase-of-f light  collisions  occur 
°  Altitude  collisions  occur 
°  Frequency  of  strikes  per  aircraft  component 
°  Aircraft  component  damage 
°  Severity  of  damage/ cost  of  collisions 
°  Severity  of  Injury  to  personnel 
0  Type  and  weight  of  birds  struck 
°  Frequency  of  collisions  by  month 


Preceding  page  blank 
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Time  of  day 

°  Geographic  location  of  bird  collisions  in  CONUS 
°  Bird  types  struck  at  randomly  selected  airfields 


TABLE  III 

DATA  BASE:  WORLDWIDE  REPORTED  AIRCRAFT/BIRD  COLLISION  INCIDENTS 


Reporting 

Agency 

Years 

Included 

Total 

Incidents 

Reported 

Reference 

Number 

FAA 

1942-1945 

473 

23 

FAA 

1963-1965 

1075 

24 

FAA 

1971  &  1972 

522 

1  &  2 

ICAO  (Civil- 
Worldwide) 

1965-1969 

5021 

25 

KLM  Airline 

1963-1967 

775 

26 

Air  Canada 
Airline 

1964  &  1965 

287 

27 

U.S.  Navy 

Fy'60-Fy-72 

2889 

28 

USAf 

1965-1972 

3333 

3 

USAF  3~52 

1965-1967 

372 

4 

German  Air¬ 
force 

l?6i:-1963 

593 

29 

USSR 

1963-1968 

584 

3U 

RAF 

1964-1968 

2063 

31 

Total 


18, 097 
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Phase  of  Flight  Collisions  Occur 

Categorically,  the  phase  of  flight  in  which  bird/aircraft  collisions 
occur  dictates  the  starting  point  in  order  to  develop  meaningful  conclu¬ 
sions. 

As  noted  in  Reference  25,  the  ICAO  has  concluded  from  internationally 
reported  olrd  strikes  for  the  years  1967,  '68  and  '69  that  75%  of  con¬ 
firmed  bird  strikes  occur  below  1000  feet  during  takeoff  or  landing, 

?0%  between  1000  and  5C00  feet,  and  the  remaining  5%  occurs  above  5000 
feet  altitudes. 

Since  the  ICAO  data  include':  data  from  twenty-five  ■  .:ions  including 
Canada,  it  is  believed  the  ICAO  conclusions  would  be  epresentative  of 
the  expected  occurrences  of  bird  collisions  involving  commercial  air¬ 
lines.  The  inclusion  of  the  Canadian  data  assures  that  birds  struck 
are  representative  of  birds  that  could  be  expected  to  be  involved  in 
s trues  In  the  CONUS. 

Military  aircraft  fly  different  mission  profiles  and  it  would  be  expected 
that  the  r.umber  of  bird  strikes  per  phase  of  flight  could  be  different. 
The  U.S.  Navy  in  1972  reported  405  incidents  involving  birds,  of  which 
approximately  54%  occurred  during  takeoff  and  landing,  approximately 
42%  enroute  or  during  training  missions  and  the  remainder  unknown. 

Selected  data  were  compiled  as  shown  in  Table  IV  that  represents  five 
years  of  operations  by  KLM  Airlines  which  f'.ies  to  many  parts  of  the 
world,  two  years  of  operations  reported  to  the  FAA  by  United  States 
commercial  carriers  operating  in  the  contigrous  United  States,  and  eight 
years  of  operations  by  the  USAF. 
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TABLE  IV 


IDENTIFIED  BIRD  STRIKES  DURING  PHASE  OF  FLIGHT 


%  BIRD  STRIKES/PHASE  OF  FLIGHT 

Phase  of  Flight 

KLM 

Fleet 

1963-1967 

FAA 

US  Carriers 
1971-1972 

USAF 

1965-1972 

Takeoff 

22.322 

5.552 

Takeoff  &/ or  Initial  Climb 

1.552 

33.082 

8.822 

Taxi 

.772 

5.282 

Roll 

3.722 

Aborted 

.152 

Sub-Total 

24.642 

33.082 

23.522 

Landing 

29.422 

5.522 

Approach 

7.742 

4.022 

Approach/Landing 

43.062 

Traffic  Pattern  (or  Go 

13.712 

Round) 

Flare 

1.322 

Roll 

.992 

Sub-Total 

37.262 

43.062 

25.562 

Enroute 

2.222 

Prolonged  Climb 

.122 

Normal  Flight 

11.282 

Crulse/Enroute 

13.912 

Low  Level  Flight 

21 .45% 

Ordnance  Delivery 

1.052 

Descent 

1.422 

.212 

Sub-Total 

1.422 

13.912 

36.332 

Unknown 

36.772 

9.952 

14.592 

Total 

100.02 

100.02 

ns 

Total  Number  of 

Bird  Strikes 

775 

532 

— 

3333 

REFERENCES: 

26 

1  &  2 

3 

_ I 

The  data  shown  in  Table  IV  shows  that  approximately  62%  of  the  KLM 
strikes  occurred  during  landing  and  takeoff  and  approximately  37%  were 
unknown.  It  can  be  assumed  that  soira  of  these  unknown  Incidents  were 
in  the  takeoff /I anting  phase  and  would  raise  that  peicentage  to  approxi¬ 
mately  75%. 

The  FAA  data  shows  approximately  76%  of  the  strikes  occurred  during  the 
takeoff/landing  phase,  which  is  a  close  correlation  to  the  ICAO  world¬ 
wide  data.  The  USAF  data  reveals  that  approximately  50%  occur  during 
takeoff/landing,  correlating  c’osely  with  the  U.S.  Navy  data  of  54%. 

The  USAF  data  does,  however,  reveal  another  key  point;  that  22%  of  their 
strikes  occur  during  low-level  training  missions  and  ordnance  deliveries. 
A  consideration  of  these  data  reveals  that  with  appropriate  ecological 
changes  to  the  airports,  and  possible  use  of  ground  radar,  upward  of  75% 
of  the  worldwide  bird  strikes  Involving  commercial  carriers  and  approxi¬ 
mately  50%  of  the  U.S.  military  bi^d  strikes  could  be  eliminated. 

Alcitude  Collisions  Occur 

Much  of  the  data  collected  did  not  indicate  the  phase-of-f light  in  which 
aircraft/bird  incidents  occurred  but  did  report  altitudes.  Altitude  is 
one  of  the  most  Important  considerations  that  must  be  assessed  in  the 
determination  of  aircraft  speeds  for  the  selection  of  appropriate  design 
criteria  for  windshields/canopies  and  support  structure. 

Table  V  is  a  compilation  of  bird  strike  incidents  denoting  the  frequency 
of  occurrence  at  various  altitudes  and  Table  VI  relates  these  strikes  in 
terms  of  cumulative  frequency  percentages.  From  these  tables  it  becomes 
apparent  that  the  selection  of  a  relatively  safe  altitude  for  determining 
design  criteria  is  8000  feet  above  ground  level.  In  each  of  the  eight 
sets  of  data,  at  least  95%  of  all  strikes  occur  below  8000  fee-.  It  is 
believed  that  some  of  the  incident  reports  used  for  this  study  may  have 
indicated  altitudes  as  mean  sea  level  rather  than  above  ground  level. 

It  is  believed  that  a  USAF  aircraft  flying  a  low-level  training  mission 
(below  8000  feet)  would  fly  at  faster  speeds  than  would  be  expected 
during  cruise  flights  above  8000  feet. 
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TABLE  V 

REPORTED  BIRD  STRIKES  AT  KNOWN  ALTITUDES 


Altitude 

Range 

AGL 

(Feet) 


O-IOO 


101-500 


501-1000 


1001-2000 


0-2000 


2001-3000 


Over  3000 


3001-4000 


2001-4000 


4001-5000 


5001-6000 


4001-6000 


6001-7000 


7001-8000 


6001-8000 


Over  8000 


Total 

Incidents  at 
Known  Alt. 


Total 

Incidents  at 
Unknown  Alt. 


Total 

Incidents 


FAA-U.S. 

FAA-U.S. 

Transport 

Carriers 

Aircraft 

' 71 - ' 72 

' 63- *  66 

42 

123 

41 

61 

45 

279 

37 

45 

350  399  198  189 


55  133  764  162 


405  532  962  351 


REFERENCES: 


26  37,  28 


1  l  2 
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PERCENT  CUMULATIVE  FREQUENCY  OF  BIRD  STRIKES  AT  KNOWN  ALTITUDES 
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Selected  data  for  additional  study  is  shown  in  Figures  39,  40  and  41 
which  were  developed  to  show  the  percentage  of  strikes  occurring  at 
different  altitudes. 


It  became  apparent  from  reviewing  Table  VI  and  Figures  39,  40,  and  41 
that  certain  general  conclusions  could  be  adopted  as  follows: 

1.  At  least  22%  of  all  Dird  strikes  occur  below  100  feet  (A6L). 

2.  Approximately  60%  of  all  bird  strikes  occur  be"!ow  1000  feet  (AGL). 

3.  Approximately  80%  of  commercial  aircraft  and  approximately  90% 
of  USAF  aircraft  bird  strikes  occur  below  3000  feet  (AGL). 

4.  Approximately  90%  of  commercial  aircraft  and  approximately  95% 
of  USAF  aircraft  bird  strikes  occur  below  5000  feet  (AGL). 

5.  That  less  than  5%  of  all  bird  strikes  occur  above  3000  feet  (AGL). 


It  is  believed  that  the  altitude  data  noted  for  the  FAA  (1963-1966)  have 
indicated  mean  sea  level  altitudes  rather  than  altitudes  above  ground 
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FIGURE  39 

KLM  1963-1967  -  204  Bird  Strikes 
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Aircraft  Component  Damage 


The  data  presented  In  Table  VII  represents  the  operations  of  many  air¬ 
craft  users  and  is  representative  of  every  mode  of  operation,  type  of 
aircraft,  type  of  flight  condition,  and  over  terrain  worldwide.  This 
data  includes  over  8100  strikes  studied  to  evaluate  the  vulnerability 
of  various  aircraft  components  to  bird  strikes.  The  percent  frequency 
of  bird  strikes  on  windshield/canopies  is  below  18%.  The  noted  worst 
condition  of  18%  is  that  of  the  Air  Canada  operations  of  DC-8  aircraft. 
Although  the  frequency  of  bird  strikes  on  windscreens  may  be  low,  the 
interactions  resulting  from  bird  strikes  can  easily  be  classed  as  the 
most  drastic  other  than,  perhaps,  a  total  loss  of  engines  from  bird 
ingestions.  Some  results  of  a  windscreen  bird  strike  include: 

1.  Pilot  totality  with  ultimate  loss  of  aircraft. 

2.  Pilot  incapacitation  which  prevents  mission  completion. 

3.  Pressurization  losses  that  would  prevent  mission  completion- 

4.  Structural  damage  to  escape  system  that  would  prevent  emergency 
escape  for  crew. 

5.  Aerodynamic  noises  resulting  from  loss  of  windscreen  portions 
that  could  cause  radio  equipment  and  communications  with  crew 
to  be  ineffective. 

6.  Damage  to  instruments  and  systems  components  that  would  prevent 
mission  completion. 

Comparatively,  the  U.S.  Navy  reported  In  Reference  28,  for  fiscal  year 
1972,  an  even  greater  percentage  of  21%  for  windscreen  Incidents  includ¬ 
ing  bird  penetrations  that  caused  at  least  one  Injury. 

The  USSR  noted  in  Reference  32,  that  commercial  aircraft  experienced 
12.6%,  and  military  aircraft  experienced  9.6%  of  the  reported  bird  strikes 
on  windshields/canopies.  The  USSR  report  also  revealed  that  over  40% 
of  all  bird  strikes  occurred  on  engines. 
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Severity  of  Damage/Costs  of  Collisions 


The  severity  of  component  damage  and  associated  costs  Is  difficult  to 
ascertain  for  a  multitude  of  reasons,  but  some  pertinent  facts  are  avail¬ 
able.  The  complete  loss  of  either  a  coimierclal  or  military  aircraft 
could  easily  exceed  $10,000,000.  Repair  costs  reported  by  KLM  In  Refer¬ 
ence  26  for  five  years  was  In  excess  of  $330,375.  This  includes  32 
engine  changes,  and  does  not  include  fuel  dumped,  loss  of  revenue,  loss 
of  prestige  with  their  customers  because  of  flight  delays,  or  passenger 
claims  for  injuries. 

Solman  In  Reference  33  cites  that  Air  Canada's  cost  for  repairs  per  year 
average  to  be: 

1958  -  1962  $  239,000 

1963  -  1968  $  125,000 

1969  less  than  $  50,000 

The  reductions  In  repair  costs  noted  for  Air  Canada  seems  impressive  but 
is  even  more  impressive  when  considerations  are  given  to  the  Increase  In 
aircraft  movements  as  noted  In  Reference  35  from  275,000  In  1963  to 
400,000  in  1968.  This  factual  Information  clearly  shows  that  the  control 
procedures  around  the  Canadian  airports  to  reduce  the  attractiveness  to 
birds  are  showing  some  successful  results. 

In  addition,  Reference  33  estimates  that  catastrophic  damage  to  an  engine 
would  cost  at  least  $200,000  and  possibly  up  to  $1,000,000  for  replace¬ 
ment.  One  air  line  reported  changing  75  engines  over  a  2-1/2  year  period. 
The  ICAO  reports  for  1967  through  1969  Indicates  that  5 %  of  the  bird 
strikes  cause  significant  or  major  damage  to  the  aircraft.  In  six  years 
Canada  lost  ten  CF-104s  through  bird  strikes,  which  may  suggest  the  vul¬ 
nerability  of  a  single-engine  aircraft  to  bird  Ingestion  and  the  resul¬ 
tant  loss  of  the  aircraft. 
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It  has  been  estimated  by  the  USAF  as  noted  in  Reference  34,  that  the 
direct  repair  costs  for  USAF  aircraft  was  $20,000,000  due  to  bird 
strikes  for  the  years  1966  through  1972.  This  estimate  does  not  include 
associated  costs  for  jettisoned  fuel,  lost  operational  time,  aborted 
missions,  or  lost  aircraft.  The  kno*n  USAF  aircraft  lost  due  to  bird 
strikes  since  1964  Include  seven  high  performance  jet  trainers  and 
fighter-type  aircraft. 

Severity  of  Injury  to  Personnel 

The  cost  of  a  human  life  and  injuries  is  difficult  at  best  to  price. 

After  the  1960  crash  at  Boston  in  which  over  60  lives  were  lost,  the 
courts  awarded  $100,000  per  human  life  to  the  heirs.  Realistically, 
that  could  be  considered  to  be  a  very  low  figure  when  some  of  the  pass¬ 
engers  and  crew  might  have  had  productive  years  that  earnings  could  have 
easily  gone  over  $500,000,  and  can  never  account  for  intangible  costs 
to  their  loved  ones.  In  the  USAF  since  1965  there  have  been  seven 
fatalities  that  represented  a  large  investment  to  the  Air  Force  in  pilot 
training,  education  and  experience  that  is  not  easily  replaceable.-  plus 
the  loss  of  productive  earning  power  to  each  of  tne  respective  families. 
In  addition  to  the  seven  fatalities,  there  were  five  major  injuries  and 
26  reported  minor  Injuries  to  flight  crews  aboard  USAF  aircraft  during 
the  same  period.  Again  the  costs  attributed  to  the  five  major  injuries 
could  be  exorbitant  when  one  considers  that  the  resultant  effect  could 
be  permanent  incapacitation  of  the  recipients. 

Type  and  Weight  of  Birds  Struck 

Generally,  It  Is  believed  that  there  are  over  7000  bird  species  scattered 
throughout  the  world  with  over  600  species  In  the  continental  United 
States.  To  evaluate  the  birds  involved  with  aircraft  collisions,  several 
different  sets  of  data  were  examined  In  an  effort  to  determine  the  simi¬ 
larities  of  the  bird  strikes  Involved. 
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As  shown  in  Table  VIII  the  FAA  reported  bird  strikes  Involving  commer¬ 
cial  air  lines  for  two  years  operating  in  the  continental  United  States 
Hawaii,  and  Midway  Islands.  These  data  were  considered  first  to  estab¬ 
lish  a  pattern. 


TABLE  VIII 

IDENTIFIED  BIRDS  STRUCK  DURING  1971  AND  1972  BY  COMMERCIAL  AIRCRAFT 


BIRD  SPECIES 

NUMBER  OF  BIRD  STRIKES 

Type 

Maximum 
Weight  (Lbs) 

Average 
Weight  (Lbs) 

Enroute 

Takeoff/ 

Landing 

Gull 

4 

2-1/2 

1 

56 

Plover 

1/4 

1 

Sandpiper 

1/8 

3 

Puffin 

1 

1 

Pigeon/Dove 

1 

1/2 

23 

Vulture 

4-1/2 

3 

3 

Eagle 

14-3/4 

10 

1 

Hawk/Falcon 

4-1/2 

2-1/2 

12 

Nighthawk 

1/5 

1 

Robin 

1/4 

3 

Thrush 

1/4 

1 

Blackbird 

1/5 

3 

Starlings 

1/4 

5 

Lark 

1/5 

2 

Sparrow 

1/8 

3 

Swallow 

1/32 

1 

Killdeer 

1 

Duck 

4 

2-1/2 

2 

17 

Goose 

14 

8 

1 

7 

Owl 

6 

4 

4 

Crane 

13 

9 

n 

Heron 

13 

9 

1 

Loon 

8 

3-1/2 

1 

Snow  Bunting 

i 

Pheasant 

4 

2-1/2 

3 

Albatross 

8 

6 

6 

Bats 

1/5 

1 

Total 

7 

166 

REFERENCES: 
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The  bird  strike  incidents  reported  by  the  USAF  during  1972  worldwide 
operations  were  then  compared  as  noted  in  Table  IX.  The  data  revealed 
that  there  were  two  strikes  In  Turkey  Involving  storks  at  high  altitudes, 
a  pelican,  an  egret,  a  frigate  bird,  as  well  as  additional  species  of 
perching  birds  occurring  in  CONUS. 


TABLE  IX 


IDENTIFIED  BIRDS  STRuCK  DURING  1972  BY  USAF  AIRCRAFT 


\ 

I 


Bird  Species 

Maximum 

Weight(Lbs) 

Average 

tfeight(Lbs) 

Enroute 

Takeoff/ 

Landings 

Gulls 

4.0 

2.5 

8 

12 

Franklin  Gull 

.5 

2 

3 

Curlew 

1.5 

1 

Wilson  Snipe 

.2 

1 

Vultures 

4.5 

3.0 

6 

7 

Hawk 

4.5 

2.5 

4 

7 

Pigeon/ Dove 

.5 

5 

Small  Birds 

.3 

5 

10 

Blackbird 

.3 

1 

3 

Lark 

.2 

4 

Veery 

.2 

1 

Sparrow 

.13 

1 

Starling 

.25 

1 

1 

Crow 

1.0 

1 

Ducks 

4.0 

2.5 

7 

11 

Canada  Goose 

14.0 

8.0 

1 

1 

Great  Horned  Owl 

6.0 

4.0 

1 

Screech  Owl 

.5 

2 

Pelican 

10.0 

1 

Frigate  Bird 

3.5 

1 

Stork 

10.0 

5.0 

2 

1 

Egret 

1.0 

1 

Sandhill  Crane 

13.0 

9.0 

1 

Prairie  Chicken 

1.0 

1 

Albatross 

8.0 

6.0 

1 

1 

Bat 

.2 

2 

7 

Total 

43 

83 

REFERENCES: 

5 

3 
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Three  years  of  USAF  B-52  training  mission  Incidents  were  compared  to 
the  1972  USAF  operations.  This  comparison  was  made  because  the  oil- 
burner  missions  of  the  B-52  included  routes  along  the  Canadian  border 
and  in  states  not  commonly  frequented  by  commercial  and  USAF  flights. 
There  were  no  differences  in  the  bird  species.  However,  there  was  a 
noted  increase  in  the  frequency  of  strikes  Involving  ducks,  as  noted  in 
Table  X. 


TABLE  X 

IDENTIFIED  BIRDS  STRUCK  DURING  1965-1967  ON  USAF  B-52  AIRCRAFT 


BIRD  SPECIES 


Types 


Gulls 


Vulture 


Hawk 


Blackbird 


Starling 


Crow 


Robin 


Ducks 


Canada  Goose 


Screech  Owl 


Egret 


NUMBER  BIRD  STRIKES 


Weight! Lb 


2-1/2 


4-1/2  3 


4-1/2  2 


1/5 


1/4 


1 


1/4 


2-1/2 


8 


1/2 


1 


1967 

Total 

5 

9 

6 

9 

REFERENCES: 


KLM  Airlines  bird  strike  incident  reports  as  noted  in  Table  XI  were 
used  since  KLM's  worldwide  operations  revealed  only  two  new  species  of 
birds  were  Involved.  These  were  the  partridge,  which  Is  common  in  the 
continental  United  States,  and  the  Wagtail  Plover  that  Is  rare  to  the 
CONUS. 


TABLE  XI 


IDENTIFIED  BIRDS  STRUCK  DURING  1963-1967  BY  KLM  AIRLINE  FLEET 


BIRD  SPECIES 

NUMBER  OF  BIRD  STRIKES 

Type 

Maximum 

Average 

Number  of 

Number  of 
Strikes  at 

Weight 

Weight 

Strikes  (Total) 

Schlpcl  Airpt 

(Lbs) 

(Lbs) 

Worldwide 

(only) 

Gull 

4 

2-1/2 

97 

70 

Lapwing/Plover 

1/2 

1/4 

16 

8 

Vulture 

4-1/2 

3 

9 

- 

Pigeons 

1 

1/2 

17 

4 

Swallow 

- 

1/32 

17 

3 

Sparrow 

- 

78 

12 

3 

Blackbird 

- 

1/4 

2 

- 

Crow 

m 

1 

3 

- 

Lark 

- 

1/8 

1 

- 

Wagtail 

- 

1/2 

1 

1 

Duck 

4 

2-1/2 

4 

3 

Goose 

14 

8 

1 

- 

Pheasant 

4 

2-1/2 

4 

- 

Partridges 

1 

3/4 

7 

4 

Heron 

13 

9 

2 

1 

REFERENCES: 

5 

26 
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Since  the  USAF  flies  into  various  air  bases  in  Europe,  two  sets  of  data 
are  presented  in  Tables  XII  and  XIII  to  confirm  the  similarities  of  birds 
struck  in  the  continental  United  States.  Table  XII  shows  the  bird  strike 
incidents  that  occurred  in  the  British  RAF  and  Table  XIII  shows  the  bird 
strike  incidents  that  occurred  in  the  German  Air  Force.  The  only  iden¬ 
tified  birds  that  were  not  also  common  in  the  United  States  were  the 
Black-headed  Gull,  Plover  and  Rook. 

TABLE  XII 

IDENTIFIED  BIRDS  STRUCK  DURING  1964-1968  BY  THE  UNITED  KINGDOM-  RAF 


BIRD  SPECIES 

NUMBER  BIRD  STRIKES 

Type 

Maximum 

Weight 

(Lbs) 

Average 

Weight 

(Lbs) 

1364 

1965 

1966 

1967 

1968 

Gull 

4 

2-1/2 

46 

58 

53 

51 

66 

Herring  Gull 

4 

2-1/2 

- 

- 

- 

- 

6 

Black-headed 

Gull 

2/3 

1/2 

- 

- 

«• 

- 

5 

Common  Gull 

1 

2/3 

- 

- 

- 

- 

4 

Oyster  Catcher 

- 

2 

1 

1 

2 

1 

«*» 

Lapwing/ PI over 

1/2 

1/4 

7 

11 

8 

13 

20 

Pigeon 

1 

1/2 

10 

15 

3 

13 

18 

Starling 

- 

1/4 

4 

4 

15 

15 

15 

Swallow/Swlft 

- 

1/16 

7 

6 

5 

14 

9 

Rook 

- 

1 

13 

_ 

6 

_ I 

2 

11 

n 

L. 

REFERENCES: 

5 

31 
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The  most  commonly  struck  bird  as  determined  from  Tables  VIII  through  XIII 
is  the  gull,  followed  closely  by  the  perching  bird  group  (including 
robins,  sparrows,  starlings,  blackbirds,  swallows,  crows,  etc.)-  Nearly 
all  of  these  birds  in  these  tables  are  small  with  the  exception  of  the 
Herring  and  Black-backed  Gull.  The  principal  danger  from  the  small  bird 
group  lies  in  engine  ingestion  because  of  the  relatively  large  numbers 
involved  in  a  single  incident. 

One  interpretation  of  these  tables  is  that  man  probably  provided  most  of 
these  birds  with  their  normal  requirements  for  shelter  and  food  around 
airports,  -  such  items  as  shrubs,  trees  and  buildings  for  roosting  sites; 
and  such  items  as  grass,  seed -bearing  plants,  jackrabblts,  rodents,  and 
garbage  dumps,  as  well  as  drainage  ditches. 

Airports  attract  some  of  the  300  or  more  species  of  parching  birds,  gulls, 
pigeons,  plovers,  sandpipers,  snipes,  and  pelicans.  Airports  also 
attract  birds  such  as  vultures,  eagles,  hawks,  falcons,  and  o*ls,  and 
others  because  of  the  usual  availability  of  rodents  and  jackrabblts. 

Unquestionably,  over  50X  of  the  bird  strikes  could  be  prevented  if  all 
airport/air  base  managements  would  eliminate  the  attractions  around  the 
airports  that  are  necessary  for  the  survival  of  these  birds. 

Waterfowl,  including  ducks,  geese,  ofsd  swans,  currently  present  problems 
to  aircraft  because  of  their  migratory  habits  and  abilities  to  fly  at 
high  altitudes.  Generally,  they  become  involved  with  aircraft  when  the 
aircraft  are  enroute,  on  descents,  or  low  altitude  long  climbouts. 

These  waterfowl  in  the  future  could  pose  even  greater  problems  since 
each  species  is  in  some  manner  protected  by  national  laws  and  wildlife 
reserves  are  making  every  effort  to  increase  the  population  of  each 
species.  A  Canadian  Broadcasting  Company  Winnipeg  Production  pertaining 
to  the  Canada  Goose,  titled  “NIS'KU",  was  presented  8  July  1973  on  KTIA 
Television  Station  by  the  Southern  California  Gas  Company. 
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It  was  Interesting  to  note  that  there  were  upward  of  15,000  of  these  big  { 

birds  spending  the  winter  on  the  grounds  of  the  Mayo  Clinic  in  Rochester,  * 

Minnesota.  There  were  additional  refuges  covered  in  North  Dakota,  Mis¬ 
souri  and  Illinois.  In  each  locale,  the  birds  were  somewhat  cosmopolitan  j 

since  many  man-inhabited  buildings  were  close  by,  and  many  were  hand-fed 
by  man.  The  proximity  of  these  refuges  and  future  refuges  to  airports 

or  training  routes  could  pose  serious  problems  to  USAF  aircraft.  \ 

Bird  weight  is  a  prime  factor  In  the  development  of  design  criteria  for 

i 

windshields/canopy  and  support  structure.  Table  XIV  was  developed  to 

depict  the  frequency  by  percentage  of  bird  strike  occurrences  by  weight  i 

ranges.  The  reported  operations  by  the  RAF  and  German  Air  Forces  oper-  i 

ating  in  Europe  unquestionably  shows  that  1002  of  the  strikes  involved 
birds  weighing  less  than  four  pounds.  The  data  representing  continental 
United  States  ano  worldwide  operations  such  as  the  ICAO  commercial  air¬ 
lines,  all  FAA  commercial  airlimes,  and  the  USAF  1972  data  indicated 
that  over  90%  of  the  strikes  involved  birds  weighing  less  than  four 
pounds.  This  same  data  also  includes  bird  strike  Involvements  by  both 
the  USAF  and  comnerclal  airlines  with  Albatrosses  (Gooney  birds)  at 
Midway  Islands.  The  KLM  data,  as  expected,  shows  that  over  952  of  the 
strikes  involved  birds  weighing  less  than  four  pounds  since  KLM  does  not 
fry  Into  Midway  Island  and  has  few  of  their  total  flights  into  North 
America.  Also,  to  be  expected,  the  B-52  data  reveals  that  approximately 
14%  of  the  strikes  involved  Canadian  Geese  during  their  oil-burner 
training  missions.  More  recently,  however,  it  has  been  reported  that 
the  B-52  training  missions  are  pre-programmed  and  at  all  times  take 
advantage  of  the  Canadian  reports  on  migratory  movements  of  the  Great 
Canada  Goose  as  well  as  other  waterfowl.  As  a  result,  bird  strike  inci¬ 
dents  with  Canadian  Geese  have  almost  been  eliminated. 


i 
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Frequency  of  Collisions  by  Month 

Anyone  undertaking  the  study  of  birds  relative  to  their  nesting  and 
breeding  habits  is  confronted  with  many  variables.  Some  birds  are  resi¬ 
dent  the  year  around,  unless  fo  ced  to  move  due  to  food  and  water  short¬ 
ages,  and  yet,  others  like  the  Arctic  Tern  migrate  22,000  miles  round 
trip  between  their  winter  and  sunnier  homes.  Some  birds  do  not  mate 
until  after  the  second  or  third  year  and  do  not  migrate  from  their  win¬ 
ter  homes.  Some  birds  breed  and  nest  in  the  continental  United  States 
in  the  summers  and  winter  in  South  America.  Some  birds  spend  the  winter 
in  the  Southern  United  States  and  breed  in  the  Northern  United  States, 
Canada  or  the  Arctic. 

Only  a  few  birds  migrate  when  isothermal  temperatures  are  below  35°F, 
but  most  birds  will  start  their  migration  long  after  the  35°F  tempera¬ 
tures  are  assured.  Consequently,  the  migration  period  is  between  late 
February  and  early  May,  depending  on  the  temperature  conditions  and  the 
species  of  bird.  Considering  other  peculiarities  of  birds  in  general 
the  number  of  birds  per  species  will  be  at  the  lowest  during  spring 
migrations;  thus,  taking  into  account  the  high  mortality  occurring 
during  winter  caused  by  normal  attrition,  starvation,  freezing  to  death; 
poisonous  foods  due  to  man's  chemical  pollution  of  the  environment; 
land  fills  on  coasts  to  fill  marshes;  man's  elimination  of  woods  and 
forests  that  force  the  birds  into  congested  areas  wIk  -e  disease  can 
wipe  out  whole  artificially-enlarged  colonies;  hunters  and  other  causes. 
June  and  July  are  the  peak  months  that  nevly  hatched  birds  must  be 
attended,  keeping  the  parents  busy  providing  foods,  and  some  birds  will 
moult  at  least  three  weeks  during  the  summer,  at  which  time  they  cannot 
fly.  After  the  new  birds  are  able  to  fly,  migrations  back  to  their 
winter  homes  start  in  late  August  and  will  continue  Into  late  November. 


95 


Changes  In  the  local  environment  while  the  various  birds  were  at  their 
nesting  grounds  pose  a  problem  upon  their  return  to  their  wintering 
grounds.  They  seem  to  be  in  a  state  of  flux  trying  to  establish  speci¬ 
fic  new  domains  for  roosting  and  feeding. 

Considering  all  of  these  variables.  Table  XV  was  prepared  to  determine 
the  effects  of  these  variables  on  the  frequency  of  strikes  on  a  monthly 
basis. 

•  rom  this  table  it  becomes  obvious  that  these  variables  do  have  an 
affect  on  the  frequency  of  strikes  on  a  iwv.thly  basis.  It  appears  that 
during  the  months  of  December,  January  and  f^bruary,  birds  are  not  as 
active  because  of  the  cold  temperatures;  that  during  June,  birds  are 
caring  for  ineir  y'ung  and  do  not  venture  far  from  their  nesting  grounds; 
and  that  August,  September,  October  anc  November  are*  the  peak  months 
for  bird  strikes  reflecting  the  population  growths  and  other  associated 
problems  of  new  flocks. 
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Time  of  Day  Collisions  Occur 

A  factor  which  must  be  considered  In  evaluating  bird  habits  and  bird 
strike  incidents  Is  the  day  and  night  distribution  of  collisions. 

It  has  been  noted  in  Reference  27  that  two-thirds  of  collisions  involv¬ 
ing  entire  flocks  have  occurred  during  hours  of  darkness.  Considering 
twelve  incidents  with  duck  flocks,  ten  occurred  at  night,  one  at  dawn, 
and  one  during  daylight  hours. 

Many  peculiar  habits  of  birds  have  been  determined  by  ornithologists, 
biologists,  and  others.  Gulls  during  damp,  wet  or  cold  weather  search 
for  food  during  the  early  morning  hours  in  the  winter  months.  When 
the  weather  is  warm,  gulls  are  lazy  and  search  for  food  later  in  the 
day.  Vultures  and  raptorial  birds  are  not  found  soaring  until  mid- 
morning  because  they  soar  only  when  thermals  are  available,  at  the 
earliest  about  9:30  a,m.  Many  diurnal  birds  such  as  the  perching  birds 
and  ducks  will  migrate  at  night  in  the  spring  and  fall  between  their 
winter  and  summer  homes.  Ornithologists  have  found  that  diurnal  birds 
will  migrate  at  night  at  high  altitude,  particularly  when  they  travel 
long  distances;  thus,  assuring  themselves  that  food  and  water  will  be 
available  when  they  end  their  flights  in  the  early  morning  hours.  Birds 
g'terally  fly  at  lower  altitudes  between  roosting  and  feeding  areas. 

ivihle  XVI  shows  the  number  of  strikes  at  various  times  of  the  day  on  a 
worldwide  basis.  Table  XVII  shows  the  frequency  of  strikes  during  a 
three-year  period  for  mission  training  flights  for  USAF  B-52  aircraft 
operational  In  CONUS.  As  noted  In  Reference  36,  the  USAF  Incident 
reports  for  1965-1ST1  were  analyzed  for  low-level  cruise  flights  and 
it  indicates  that  of  505  incidents  studied,  111  strikes  *22  percent) 
occurred  at  night. 

Studies  conducted  oy  the  Air  Force  Weapons  Laboratory  -  Environics 
(AFWL)  Indicate  the  number  of  bird  strikes  at  night  to  be  28.9'i  for  all 
USAF  airplanes. 


T  IE  XVI 

BIRD  STRIKES  PER  TIME  OF  DAY 


NUMBER  STRIKES  PER  TIME  OF  DAY 


Time  of  Day 

KLM 

Fleet 
'63- '67 

r>  -  0200 

8 

0200  -  0400 

2 

0400  -  0600 

11 

0600  -  0800 

70 

0Pn"  -  1000 

112 

1000  -  1200 

100 

1200  -  1400 

61 

1400  -  1600 

76 

1600  -  1800 

72 

1800  -  2000 

57 

2000  -  2200 

58 

2200  -  2400 

27 

USSR 
Civil 
Aviation 
1968 


TABLE  XV  U 

BIRD  STRIKES  PER  PERIOD  OF  DAY  FOR  USAF  B-52  AIRCRAFT  -  1965-1967 


PERIOD  OF  DAY 


Night 

Day 

Dawn 

Dusk 

Unknown 


NUMBER  OF  BIRD  STRIKES 


Bird  movements  and  locally  established  bird  concentrations  have  been 
well  documented  as  noted  from  Section  II  of  this  report.  The  frequency 
of  bird  strikes  locally  should  theoretically  match  these  heavy  concen¬ 
tration  areas.  For  Instance,  based  on  the  studies  mentioned  earlier  by 
Cogswell  and  Drury  it  is  easily  hypothesized  that  the  number  of  strikes 
in  the  San  Francisco  and  Boston  areas  would  easily  involve  some  types 
of  sea  gulls. 

Figure  42  was  developed  to  show  the  frequency  of  bird  strikes  at  yarious 
airports  in  the  continental  United  States,  as  reported  to  the  FAA  by 
U.S.  commercial  air  lines  during  1972  and  Figure  43  was  developed  to 
show  the  frequency  of  bird  strikes  on  or  around  various  USAF  facilities 
during  1972.  In  general.  It  was  interesting  to  note  that  the  A V  Force 
strikes  tend  to  correlate  with  some  of  the  migration  piths  and  concen¬ 
trations  of  ducks  and  geese  noted  in  Section  II,  Figure  9. 


100 


UCA-2 


Distribution  of  Bird  Strikes  Reported  to  FAA  for  1972 
by  United  States  Commercial  Airlines 


Bird  Types  Struck  at  Randomly  Selected  Airfields 

Table  XVIII  shows  a  random  selection  of  airports  in  CONUS  where  U.S. 
commercial  air  lines  experienced  strikes  during  1972.  It  is  believed 
from  reviewing  this  data  that  the  unidentified  birds  were  probably  small 
birds  of  the  perching  bird  variety,  pigeons,  or  gulls  that  frequent  all 
of  the  airports  noted.  Several  Incidents  of  reported  strikes  where 
waterfowls  were  involved  Includes  a  noted  incident  in  Boston  that 
Involved  a  goose;  and  two  othe.'  geese  and  five  duck  strikes.  This  again 
points  up  a  need  to  track  such  birds  with  ground  radar  and  notify  the 
aircraft  flying  in  the  areas.  Since  upward  of  33  million  waterfowl 
frequent  and/or  winter  in  California,  it  was  surprising  to  note  that 
there  were  no  strikes  involving  commercial  aircraft  and  ducks  or  geese 
in  California.  Other  than  gulls,  all  bird  strikes  identified  at  the 
commercial  airports  were  small  birds  and  could  be  eliminated  in  the 
future  with  appropriate  changes  to  the  airports  ecological  balance  and 
runway  operations. 


/ 
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TABLE  XVIII 


BIRD  STRIKES  OCCURRING  AT  RANDOMLY  SELECTED  AIRPORTS  IN  CONUS  (1972) 


MOST  COMMON 

AIRPORTS  i 

BIRDS  STRUCK 

SFO 

OAK 

SAC 

SNA 

LAX 

MSS 

JFK 

ORD 

(CA) 

(CA) 

(CA) 

(CA) 

(CA) 

■SB 

(NY) 

(IL) 

Gull/Tern 

2 

1 

‘  3 

Plover 

- 

- 

- 

- 

- 

• 

- 

Sar.dpipers/Curlsws 

2 

- 

- 

- 

- 

- 

- 

- 

Puffin 

- 

- 

- 

• 

• 

• 

- 

Pigeon/Doves 

1 

- 

- 

2 

- 

- 

Vulture/Buzzard 

- 

- 

- 

- 

- 

- 

- 

- 

Eagle 

- 

- 

- 

- 

- 

- 

- 

Hawk/Falcon 

- 

- 

- 

- 

- 

- 

Nighthawk 

- 

- 

- 

- 

~ 

- 

- 

Robin 

i 

- 

- 

- 

• 

- 

- 

Blackbird 

1 

- 

- 

- 

- 

- 

- 

1 

Starlings 

- 

- 

• 

- 

- 

- 

- 

1 

Larks 

i 

r» 

- 

- 

1 

- 

- 

- 

Sparrows 

- 

CM 

- 

- 

- 

- 

- 

Swallow 

- 

- 

- 

- 

- 

- 

- 

- 

Kill deer 

- 

m 

- 

- 

- 

- 

- 

Duck 

- 

- 

• 

- 

- 

• 

- 

Goose 

• 

- 

• 

- 

1 

• 

- 

Owl 

• 

• 

•» 

• 

- 

- 

- 

Crane 

- 

- 

m 

- 

- 

•0 

m 

- 

Heron/Egrets 

- 

- 

- 

- 

• 

•M 

- 

Loon 

- 

- 

- 

- 

• 

• 

* 

- 

Snow  Bunting 

- 

- 

mm 

• 

1 

a* 

- 

- 

Pheasant 

- 

- 

- 

- 

•m 

- 

- 

Albatross 

- 

- 

- 

- 

- 

- 

- 

Bats 

«* 

- 

B 

- 

- 

- 

- 

- 

Not  Identified 

8 

n 

4 

■a 

6 

5 

8 

6 

Max. Fit. Speed 
(IAS)  Knots 

250 

250 

100 

130 

180 

250 

230 

210 

Max. Alt.  AGL  -(Feet) 

11000 

98 

985 

394 

m 

1067 

1219 

1524 

REFERENCES: 

2 
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Table  XIX  shows  the  number  of  bird  strike  occurrences  around  USAF  bases 
and  facilities  located  In  CONUS.  The  criteria  for  the  selection  of 
specific  bases  was  that  five  or  more  strikes  were  reported  or  that  there 
were  two  or  more  bases  in  an  area  with  a  total  of  more  than  five  strikes 
reported.  The  bases  located  in  the  Sacramento  Valley  of  California 
reported  duck  strikes  and  a  goose  strike.  These  strikes  could  be  anti¬ 
cipated  since  upward  of  33  million  ducks  and  geese  frequent  or  winter 
in  this  valley. 

In  the  Southern  States,  two  incidents  were  reported  of  impacts  with 
vultures  and  a  single  incident  reported  of  an  impact  with  an  egret. 

Both  vultures  and  egrets  are  common  to  the  area.  Those  birds  that 
were  not  Identified  were  probably  small  birds  of  the  perching  bird 
variety,  pigeons  or  gulls  that  are  common  throughout  the  CONUS.  Bats 
were  only  reported  at  air  bases  In  San  Antonio,  Texas. 

Other  than  waterfowl  It  Is  believed  that  strikes  would  not  have  occurred 
if  adequate  base  management  changes  had  been  made  to  eliminate  the 
attractions  for  birds. 

Repeatedly  the  "U.S.  Bird  Strike  Summaries"  published  annually  by  the 
Air  Force  Safety  Center  at  Norton  AFB,  California  have  outlined  bird 
control  procedures  around  airports  and  operational  procedures.  They 
also  have  emphasized  that  the  Air  Force  Weapons  Laboratory  (AFWL)  has 
trained  personnel  that  can  assist  air  base  managers  In  Identifying  and 
correcting  the  bird  problems.  Directives  should  be  issued  to  the  vari¬ 
ous  Air  Force  Commands  to  force  compliance  with  the  recommendations 
established  by  AFWL  (BASH). 


TABLE  XIX 

BIkD  STRIKES  OCCURRING  AT  RANDOMLY  SELECTED  USAF  AIR  BASES  &  FACILITIES  IN  CONUS  (1972) 


REFERENCES: 


Conclusions  and  Pertinent  Findings 


1.  Approximately  50*  of  USAF  aircraft/bird  collisions  occur  during 
takeoff/landings ,  22%  occur  during  low-level  missions,  approximately 
14*  occur  during  normal  flight  conditions,  and  14%  of  the  collisions 
occurred  at  unknown  geographic  locations. 

2.  Sprclfic  altitudes  (AGL)  were  established  for  USAF  aircraft/birc 
collisions  as  being  significant.  (These  altitudes  and  aircraft/bird 
collisions  were  established  as  22%  up  to  100  feet,  60%  up  to  1000 
feet,  90%  up  to  3000  feet,  95%  up  to  5000  feet,  and  less  than  5%  of 
the  aircraft/bird  collisions  occur  above  5000  feet,  with  less  than 
2%  occurring  above  8000  feet.) 

3.  Windshield/ canopy  bird  strikes  for  USAF  aircraft  averaged  11.56%  of 
the  total  identified  bird  strikes. 

4.  The  repair  costs  for  USAF  aircraft  was  at  least  $20,000,000  due  to 
bird  strikes  for  the  years  1966  through  1972. 

5.  At  least  seven  USAF  aircraft  have  been  lost  as  a  result  of  bird 
strikes. 


6.  Canada  has  clearly  shown  that  the  reduction  of  attractions  for  birds 
around  airdromes  has  greatly  reduced  the  frequency  of  bird  col¬ 
lisions  and  the  costs  of  repairs  to  both  military  and  civil  aircraft. 


7.  The  most  commonly  struck  birds  are  gulls,  perching  birds  (300  species), 
ducks  and  vultures. 


8. 


9. 


10. 


11. 


The  greatest  number  of  bird  strikes  occur  during  October  In  CONUS. 

Between  22%  and  28.9%  of  USAF  aircraft/bird  strikes  occur  at  night. 

Bird  strikes  occur  at  geographical  locations  that  have  been  deter¬ 
mined  by  'che  U.S.  Wildlife  Services  as  having  heavy  concentrations 
of  waterfowl  and  gulls. 

It  is  recommended  that  the  USAF  Office  of  Operational  Analysis  and 
the  Defense  Mapping  Agency  Aerospace  Center  develop  the  training 
routes  based  on: 


*  tf  fifty*  1 1 
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a)  Critical  altitudes  to  minimize  the  chances  for  bird  strikes; 

b)  Additional  studies  by  the  USAF  to  determine  the  relationship 
of  flights  per  day/night  versus  the  number  of  strikes; 

c)  Training  flights  for  October-November  being  kept  to  an 
absolute  minimum  (l.e.;  the  use  of  ground-based  trainers 
could  be  maximized  for  this  period); 

d)  AFWL  be  enabled  to  Implement  a  radar  tracking  system. 
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SECTION  IV 


BIRD  STRIKE  PREDICTION  METHODOLOGIES 

Pertinent  details  were  selected  from  the  data  noted  in  Section  III,  and 
analytically  combined  in  this  section  with  additional  factual  data  to 
develop  statistical  predictions  of  ^rd  hazar  ds  to  aircraft. 

Statistical  studies  were  conducted  and  shown  in  this  section  to  confi¬ 
dently  show  justification  fur  the  selection  of  design  criteria  and  other 
recommendations  developed  in  subsequent  sections.  The  statistical 
studies  described  in  this  section  are  the  following: 

°  Probability  Predictions:  Historic  Data  Averaging 
°  Vulnerability  of  Component  Frontal  Areas  to  Bird  Strikes  and 
Model  Probability  Prediction 
°  Trend  Analysis  of  Frontal  Area  vs  Bird  Strikes 
°  Validity  Test  of  Trend  Analysis:  Component  Frontal  Area  vs 
Bird  Strikes 

°  Bird  Weight  Statistical  Analyses:  Curve  Fitting  Data 
°  Bird  Weight  Analyses:  Descriptive  Statistical  Methodologies 
°  Bird  Weight  Analyses:  Theoretical  Distributions  -  Probability 
Predictions 

°  Bird  Weight  vs  Altituc^  -  Poisson's  Statistical  Analysis 


Probability  Predictions:  Historic  Data  Averaging 


Certain  portions  of  the  data  compiled  was  readily  adaptable  to  tne  cal¬ 
culations  of  probabilities  when  flight  hours  were  known.  Based  on  these 
calculations  it  became  apparent  that  som*  aircraft  operators  have  more 
bird  strikes  than  others  which  seems  to  be  traceable  to  the  airports 
from  which  they  operate  and  to  the  methods  of  reporting  the  bird  strike 
incidents.  Most  incident  reports  indicated  that  damage  had  occurred  as 
a  result  of  the  incident  but  In  some  cases  the  data  also  included  inci¬ 
dents  that  did  not  cause  d?nage. 

ICAO  data  were  used  to  establish  initial  probabilities  because  of  the 
worldwide  operations  of  commercial  air  lines.  As  noted  in  Table  XX 
data  fcr  1967  through  1969  shows  that  the  probability  of  a  bird  impact 
on  aircraft  is  upward  of  342  per  million  flying  hours.  It  is  believed, 
however,  that  the  ICAO  initial  report  covers  only  those  air  lines  that 
reported  bird  strikes  and  does  not  include  air  lines  in  which  no  strikes 
occurred.  Thus,  the  explanation  for  the  low  number  of  flight  hours. 

TABLE  XX 


NUMBER  OF  HOURS  FLOWN,  BIRD  STRIKES,  STRIKES/1 ,000,000  FLIGHT  HOURS, 
COMPILED  BY  THE  INTERNATIONAL  CIVIL  AVIATION  ORGANIZATION 
FROM  INTERNATIONAL  DATA  SUBMITTED  BY  COMMERCIAL  AIR  LINES 


Year 

Number 

Countries 

Reporting 

Hours 

Reported 

Total 

Bird 

Strl kes 

Ikes/ 

1 ,000,uuu  Fit  Hrs 

1967 

14 

2,080,030 

591 

284.0 

1968 

25 

9,575„Q44 

1513 

158.0 

1969 

17 

2,705,513 

924 

342.0 

Avg. 

4,786,882 

1009 

210.85 

REFERENCES:  25 
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KLM  was  selected  as  a  specific  air  iins  that  operates  out  of  Europe  and 
flies  into  many  countries.  The  purpose  for  selecting  KLM  and  specifi¬ 
cally  the  DC8  was  that  the  data  seemed  to  be  more  detailed  and  flight 
hours  were  available  for  analytical  studies.  KLM  noted  all  strikes 
regardless  of  the  minute  amount  of  damage  a/d  were  interested  in  deter¬ 
mining  the  bird  strike  hazards  at  their  own  base  airport  -  Amsterdam. 
Further,  the  KLM  data  should  theoretically  be  included  In  the  ICAO  data 
noted  for  1967.  Shown  in  Table  XXI,  the  probability  for  bird  strike 
occurrences  for  KLM  was  1251  strikes  per  million  flight  hours  for  1967. 
The  rate  experienced  by  KLM  for  the  year  1967  was  3.66  times  as  great  as 
the  average  for  all  operators  reported  in  the  ICAO  data.  Since  the  ICAO 
and  KLM  strike  rates  per  million  flight  hours  were  found  to  be  radically 
different,  it  must  be  assumed  that  either  KLM  data  was  not  Included  In 
the  ICAO  data,  or  when  combined  with  the  ICAO  data  the  differences  are 
the  result  of  averaging  large  amounts  of  data,  ar.d/or  the  data  submitted 
to  ICAO  from  the  airlines  did  not  have  the  depth  or  detail  noted  by  KLM. 

Of  significance  in  the  KLM  data  for  1967  the  number  of  strikes  occur¬ 
ring  at  Amsterdam.  Approximately  28$  of  the  strikes  occurred  at  the  KLM 
base  airport  of  Amsterdam  indicating: 

1)  The  need  for  an  intensive  effort  in  Europe  to  reduce  bird 
hazards  around  airports; 

2)  The  incentive  behind  the  development  of  a  potentially  efficient 
system  which  combines  ground  radar  networks  for  tracking  migrat¬ 
ing  birds  throughout  Europe,  and  mapping  the  migrations  similar 
to  the  method  used  to  present  weather  conditions. 
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TABLE  XXI 


NUMBER  OF  HOURS  FLOWN  ON  DC8  AIRCRAFT,  BIRD  STRIKES, 
STRIKES/MILLION  FLIGHT  HOURS  REPORTED  BY  KLM  ROYAL  DUTCH 
AIR  LINES  DURING  1963  THRU  1967 


Year 

Heurr.  Flown 
on  DCS  'ircraft 

Bird  Strikes 

Strikes 

Per  1,000,000 
Fit  Hours 

1963 

49,231 

53  (28) 

1076.0 

1964 

56,020 

89  (35) 

1589.0 

1965 

72,654 

96  (33) 

1321.0 

1966 

39,402 

107  (34) 

2716.0 

1967 

70,325 

88  (25) 

1251.0 

REFERENCES: 


NOTE:  Bird  strikes  snown  In  parenthesis  are  the  number  from  the 
tots!  that  occurred  near  Amsterdam. 


Shown  in  Table  XXII  is  a  summarization  of  USAF  bird  strike  activities 
for  the  period  1966  through  1972.  The  raw  data  from  which  this  table 
was  developed  were  considered  to  be  more  accurate  and  more  complete  than 
any  other  iata  used  in  the  studies  fc?  this  program.  The  reason  for 
this  accuracy  is  that  the  USAF  Flight  Safety  Center  at  Norton  AFB,  Ca., 
provided  complete  computer  printouts  o*  all  the  incident  reports  in  a 
sanitized  format  for  the  period  noted.  Assuming  that  the  Air  Force  con¬ 
tinues  to  operate  under  similar  flight  conditions  in  the  future,  aver¬ 
ages  were  computed  from  these  data.  £/. ^.rapolations  of  these  averages 
result  in  the  predictions  for  subsequent  years  of  356  strikes  per  year 
on  aircraft  and  specifically  29  of  these  strikes  will  occur  on  the  wind¬ 
shield/canopy.  Stated  in  terms  of  predicted  probabilities,  the  expected 
strikes  on  aircraft  is  52.6  per  million  i light  hours  and  specifically 
4.3  strikes  on  windshields/canopies  per  in<l lion  flight  hours.  Compared 
to  the  worldwide  data  developed  by  ICAO  to:!  probability  of  USAF  strikes 
per  million  flight  hours  on  the  average  is  approximately  25%  as  great  as 
those  reported  for  commercial  activities  determined  from  the  computation: 


Avg.  USAF  Strikes/Million  Fit.  Hours.  _  52.6 
Avg.  ICAO  Strikes/Million  Fit.  Hours  210.85 


x  100%  =  24.95% 


Analyzing  the  data  in  Table  XXII  it  becomes  apparent  zhat  the  predicted 
frequency  of  strikes  on  windshields/ canopies  would  be  at  least  8-1/4%  of 
the  total  number  of  strikes  expected  per  year  for  Air  Force  airplanes 
determined  from  the  computation: 


Avg.  Windshield  Strikes 
Avg.  Aircraft  Strfxes 


100%  =  8-1/4% 


The  8-1/4%  Is  a  much  lower  number  than  the  numbers  reported  in  Section  III, 
Table  VII,  because  the  USAF  1965  data  were  not  Included  in  these  calcula¬ 
tions.  1965  was  not  shown  because  It  included  strikes  in  which  no  damage 
occurred  on  the  aircraft  and  subsequent  years  did  not  Include  sych 
incidents. 


TABLE  XX Ii 


NUMBER  OF  HOURS  FLOWN,  BIRO  STRIKES,  STRIKES/MILLION  FLIGHT  HOURS, 
STRIKES  ON  W/S,  STRIKES/MILLION  FLIGHT  HOURS  ON  W/S 
REPORTED  BY  i'SAF  AIRCRAFT  DURING  1966  THRU  1972 


Year 

USAF 

Hours  Flown 
World  Total 

Bird 

Strikes 

Stri kes 
per  Million 
Fit.  Hrs. 

Strikes 
on  W/S 

Strikes  per 
Million  Fit. 
Hrs.  on  W/S 

1966 

7,030,015 

320 

45.5 

28 

4.0 

1967 

7,311,121 

379 

51.8 

30 

4.1 

1968 

7,983,688 

363 

45.5 

26 

3.2 

1969 

7,388,976 

338 

45.7 

30 

4.1 

1970 

6,597,248 

360 

54.6 

34 

5.2 

1971 

5,754,376 

383 

66.6 

31 

5.4 

1972 

5,356,984 

351 

65.5 

27 

5.0 

AVG. 

6,774,629 

356 

52.6 

29.4 

4.3 

REFERENCES;  3 

Comparatively,  the  U.S.  Navy  has  reported  their  bird  strike  activities 
for  the  last  13  fiscal  years.  These  data  are  summarized  in  Table  XXIII. 
The  average  expected  bird  strikes  was  found  to  be  65.3  per  million 
flight  hours,  which  is  approximately  24%  higher  than  the  Air  Force. 

Data  analyzed,  points  out  that  Naval  flight  operations  may  always  result 
in  more  bird  impacts  than  that  experienced  by  the  Air  Force.  Naval 
flight  operations  take  place  over  or  near  large  bodies  of  water  because 
Naval  Bases  are  situated  near  the  water.  Thus,  Naval  aircraft  are 
continually  exposed  to  birds  following  surface  vessels,  migrating  off¬ 
shore  birds,  birds  that  are  ir  abundance  on  numerous  off-shore  islands, 
in  addition  to  the  locally  cosmopolitan  birds  that  frequent  air  bases 
for  food  and  roosting. 
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Vulnerability  of  Component  Frontal  Areas  to  Bird  Strikes  and  Model 


Probability  Predictions 

It  is  believed  that  the  probability  of  striking  any  component  on  the  air¬ 
craft  may  be  by  chance  and  that  it  may  be  equally  likely  that  the  bird 
strikes  could  occur  anywhere  on  the  aircraft. 

A  preliminary  study  of  bird  strike  occurrences  on  frontal  areas  of  three 
McDonnell -Douglas  designed  aircraft,  was  accomplished  for  the  DC9/C9A, 

DC8  and  F-4  aircraft. 

The  C9A  was  Introduced  into  the  Air  Force  inventory  In  1968  and  for  all 
practicable  purposes  is  Identical  to  the  commercial  DC9  versions. 

The  frontal  areas  and  the  locations  of  the  bird  strikes  on  the  aircraft 
were  determined  from  available  data  for  the  C9A  for  the  period  1968  thru 
1972.  It  was  closely  observed  from  these  data  that  the  frequencies  and 
strike  locations  would  vary  from  one  year  to  the  next,  but  when  several 
years  of  data  are  summed  and  averaged  the  effect  results  in  depressing 
some  of  the  strike  percentages.  Thus,  to  select  one  year  of  bird  strike 
data  for  detailed  studies  would  be  misleading  and  emphasis  could  be 
placed  on  strike  locations  and  percent  frequencies;  that  is  the  1972 
data  which  Indicated  that  the  vulnerability  of  windshields  to  bird 
strikes  is  0,  while  the  frequency  of  bird  strikes  on  engines  was  66*. 

The  five  years  are  shown  In  Figure  44  to  Indicate  the  effect  of  aver¬ 
aging  over  long  periods  of  times,  and  1972  was  extracted  from  the  total 
data  and  shown  for  comparisons. 

The  following  probability  predicting  calculations  tend  to  verify  the 
effect  of  averaging: 

C9A  (1968- 19 7Ij rd  Str11"  Fr'qUMCy  *  ToST flftM  x  0ne 

*  x  1  *000*000 

■  213  strikes/per  million  flight  hours 

(1972  only}  «  17^9  x  1,000,000 

■  109  strikes  per  million  flight  hours 
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C9A  o%8-w2)B1rd  stHke  F^“e"c^Srm^-t'wulr— »0ne  W1,1°" 

=  8?T5o?  x  1 ’°00’000 
*  59  strikes  per  million  flight  hours 

(1972  only)  =  0  strikes  per  million  flight  hours 

Comparing  the  frequency  of  strikes  on  the  wing  and  engines  noted  in  the 
1972  C9A  data  to  the  five-year  C9A  operation  data  arid  the  data  In 
Section  III,  Table  VII,  Indicates  that  the  Increase  In  strikes  for  1972 
on  these  components  was  as  a  result  of  chance.  Particularly,  since 
there  didn't  seem  to  be  any  changes  in  the  operation  of  the  aircraft  for 
1972. 

The  rate  for  the  occurrence  per  million  flight  hours,  shows  that  the 
average  C9A  can  expect  four  times  as  many  strikes  as  the  average  Air 
Force  aircraft  as  noted  In  Table  XXII,  determined  from  the  following 
calculations: 


Avg.  C9A  strikes  per  million  flight  hours  (1968-1972) _  a 

Avg.  USAF  strikes  per  year  per  million  flight  hours  (1$66-1972) 


213 

5576 


=  4.05 


In  this  study  a  bird  strike  Incident  might  Include  several  strikes; 
therefore,  the  total  strikes  might  not  agree  with  the  total  incidents. 
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WINGS 


TAIL 


ENGINES 


NOSE/RADOKE 


FUSELAGE 


WINDSHIELDS 


COMPONENT'S 
FRONTAL  AREA 
(SQ.  INCHES) 

%  OF  TOTAL 
FRONTAL  AREA 
OF  AIR  CRAFT 

14,300 

34.0% 

6,650 

15.8% 

5,460 

13.0% 

2,830 

6,7% 

11,100 

26.3% 

1,761 

4.2% 

42,101 

100.0% 

NUMBER  OF 


X  OF  TOTAL 


1  16.67%  33% 


0 


2  16.67%  66% 


11.10% 


27.78% 


0  27.78% 


3  100.00%  100% 


FIGURE  44 

Comparisons  of  Frontal  Area  to  Number  of  Blrdstrlkes  for  USAF  C9A 
Aircraft  Operational  during  1968  through  1972 
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FAA  data  for  1972  combined  with  known  flight,  hours  for  the  DC9  cormer- 
cial  version,  operational  in  the  contiguous  United  States,  are  shown  in 
Figure  45.  In  these  data  it  becomes  obvious  that  the  total  flight  hours 
logged  by  a  greater  number  of  operational  aircraft  also  has  a  depressing 
effect  on  averaging.  Thus,  the  USAF  C9A  for  1972  had  an  expected  213 
strikes  per  million  flight  hours,  which  was  approximately  eight  times 
greater  than  the  commercial  DC9  version  which  had  only  an  expected  27.1 
strikes  per  million  flight  hours.  It  is  realized  that  the  C9A  and  DC9 
may  operate  entirely  different  from  most  Air  Force  airplanes  because  the 
primary  mission  is  to  transport  hospital  patients.  Hypothetical  differ¬ 
ences  in  the  operational  procedures  for  the  airplanes  might  include: 

0  Commercial  aircraft  queue  to  await  control  tower  approval  for 
takeoff,  reducing  the  probability  of  more  than  one  aircraft 
being  involved  with  bird  strikes  on  takeoff. 

°  Most  comnercial  aircraft  are  queued  in  stacks  awaiting  approvals 
for  approaches  and  landing. 

°  The  great  number  of  commercial  aircraft  queued  for  landing/ 
takeoff  reduces  the  probabilities  for  bird  strikes  on  any  one 
aircraft. 

°  Most  commercial  aircraft  fly  per  local  noise  abatement  require¬ 
ments  and  use  less  runway  for  takeoff. 

°  Commercial  aircraft  may  climb  faster  within  safe  limits,  but 
not  exceeding  250  knots  up  to  cruise  altitudes  beyond  10,000  feet. 

°  The  DC9  may  take-off  and  fly  to  altitude  at  greater  pitch  atti¬ 
tudes  than  the  C9A. 

°  Because  of  the  nature  of  the  passengers  carried,  the  C9A  may 
not  rotate  and  climb  as  fast  as  commercial  DC9s. 

°  Many  military  airplanes  fly  in  formation  but  not  the  C9A. 

0  The  C9As  may  take-off/land  at  air  bases  during  the  hours  that 
birds  frequent  the  areas. 
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°  The  C8A  fli9ht  schedules,  because  of  the  nature  of  passengers, 
may  be  entirely  different  from  normal  TAC/SAC  operational  flight 
schedules. 
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AIRCRAFT  BIRDSTRIKE  FREQUENCY 
(1972) 


Total  bird  strikes 
Total  flight  hours 


25 


922,436 


x  1,000,000 


1,000,000 


*  27.1  strikes  per  million  flight  hours 


WINDSHIELD  BIRD  STRIKE  FREQUENCY  *  x  1,000,000 

=  4.3  strikes  per  million  flight  hours 


Air  Lines  Reporting  Bird  Strikes:  Allegheny,  Continental,  Hawaiian, 

Southern,  Texas  International  and 
Trans-World. 


COMPONENT'S 
FRONTAL  AREA 
(SQ.  INCHES) 

%  OF  TOTAL 
FRONTAL  AREA 
OF  AIRCRAFT 

NUMBER  OF 
BIRD  STRIKES 
ON  COMPONENT 

%  OF  TOTAL 
BIRD  STRIKES 
ON  AIRCRAFT 

WINGS 

14,300 

34. 0% 

8 

32% 

TAIL 

6,650 

15.8% 

0 

0% 

ENG  INTAKES 

5,460 

13.0% 

3 

12% 

NOSE/RADOME 

2,830 

6.7% 

9 

36% 

FUSELAGE 

11,100 

26.3% 

1 

4% 

WINDSHIELDS 

1,761 

4.2% 

4 

16% 

TOTALS 

42,101 

100.0% 

25 

100% 

FIGURE  45 

Comparisons  of  Frontal  Area  vs  No.  Bird  Strikes  for  Cownercial  DC9 
Aircraft  Operated  by  U.S.  Air  Lines  in  1972 


The  frontal  areas  for  the  DC8  aircraft  were  determined,  and  two  differ¬ 
ent  sets  of  bird  strike  data  were  used  for  the  evaluation.  The  Air 
Canada  usage  of  DC8  was  selected  because  they  operate  from  several  air¬ 
ports  located  in  Canada.  The  Canadian  airports  unquestionably  have  more 
migratory  flocks  of  birds  frequenting  the  imuediate  areas  than  anywhere 
else  In  the  world.  The  DC8  compared  to  the  C9A/DC9  has  four  engines 
mounted  from  the  wing  and  generally  the  flights  are  of  longer  durations  - 
upward  of  12  hours  for  a  single  flight.  Shown  In  Figure  46  Is  the  Air 
Canada  Airlines  operations  for  1964-1965  and  the  comparisons  of  DC8 
frontal  area  versus  bird  strikes.  The  data  shown  indicated  a  very  high 
rate  of  958  bird  strikes  per  million  flight  hours  with  172  bird  strikes 
per  million  flight  hours  for  the  windshields. 

Second,  the  DC8  data  were  analyzed  for  the  1972  operations  for  many 
U.S.  air  lines  operating  In  the  CONUS,  as  shown  In  Figure  47.  In  com¬ 
parison  the  U.S.  operators  reported  only  three  strikes  for  the  year  on 
two  aircraft  and  logged  more  than  nine  times  as  many  hours  as  shown  for 
Air  Canada.  The  results  showed  that  the  expected  frequency  of  bird 
strikes  was  two  per  million  flight  hours  with  none  reported  for  the  wind¬ 
shields.  The  mode  of  operations  for  the  U.S.  air  lines  may  have  been 
entirely  different  from  that  of  Air  Canada’s  Inc. jdlng  longer  flights 
and  possible  compliance  with  noise  abatement  procedures.  The  latter 
requires  short  takeoff  roll,  steep  climb  angle  and  rapid  rate  of  climb. 

It  Is  also  possible  the  frequency  of  bird  strikes  for  the  Air  Canada  DC8 
would  be  entirely  different  for  recent  years,  but  such  data  were  not 
available.  In  recent  years  there  have  been  many  changes  to  airport 
ecology  In  Canada,  and  the  Air  Canada  Pilots  are  constantly  made  aware 
of  bird  strike  potentials. 
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AIRCRAFT  BIRDSTRIKE  FREQUENCY  =  ToTkT~fTTgT)FFoufs  X  T’000’000 

“  905?  x  1,000,000 

=  958  strikes  per  million  flight  hours 

WINDSHIELD  BIRD  STRIKE  FREQUENCY  =  -g-^Jg?  x  T»°00,000 

=  172  strikes  per  million  flight  hours 


COMPONENT'S 
FRONTAL  AREA 
(SQ.  INCHES) 

%  OF  TOTAL 
FRONTAL  AREA 
OF  AIRCRAFT 

NUMBER  OF 
BIRD  STRIKES 
ON  COMPONENT 

%  OF  TOTAL 
BIRD  STRIKES 
ON  AIRCRAFT 

WINGS 

40,800 

48.9% 

12 

13.4% 

TAIL 

8,580 

10.3% 

1 

1.1% 

ENGINES 

15,400 

18.5% 

36 

40.5% 

NOSE/RADOME 

3,850 

4.6% 

FUSELAGE 

12,989 

15.6% 

24 

27.0% 

WINDSHIELDS 

1,761 

2.1% 

.  _  / 

16 

18.0% 

TOTALS 

83,480 

100.0% 

89 

100.0% 

FIGURE  46 


Comparisons  of  Frontal  Areas  vs  No.  Bird  Strikes  for  Commercial  DC8 
Aircraft  Operated  by  Air  Canada  Air  Lines  During  1964  A  1965 
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DC  8 


_ QJ1_  -CQ-  J1IL 


AIRCR>\FT  BIRDSTRIKE  FREQUENCY  -  To'Sl'  •fffgKTKours  x  T*000*000 

*  87S71OT  x1*000*000 

*  2.4  Incidents  per  million  flight  hours 


WINGS 


TAIL 


ENGINES 


NOSE/RADOME 


FUSELAGE 


WINDSHIELDS 


TOTALS 


COMPONENT'S 
FRONTAL  AREA 
(SQ.  INCHES) 

X  OF  TOTAL 
FRONTAL  AREA 
OF  AIRCRAFT 

40,800 

48.9X 

8,580 

10.3* 

15,400 

18.5% 

3,850 

4.6X 

12,989 

15.6% 

1 ,751 

2. IX 

83,480 

100.0X 

X  OF  TOTAL 


33. 3% 


33.3 X 


33.3% 


ioo.ox 


FIGURE  47 

Compar Isons  of  Frontal  Areas  vs  No.  Bird  Strikes  for  Commercial  DC8 
Aircraft  Operated  by  U.S.  Air  Lines  During  1972 
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The  F-4  is  probably  the  only  single  aircraft  model  in  the  U.S.  Air 
Force  inventory  that  is  subjected  to  such  a  broad  operational  spectrum, 
including  normal  flights,  low  level  training  missions,  formation 
flights,  single  flights,  and  precision  team  acrobatics.  It  is  likely 
that  the  F-4  flights  would  include  short  and  long  flights,  flights  above 
and  below  8000  feet,  at  various  times  of  the  day,  in  areas  where  birds 
are  prevalent,  and  at  various  speeds. 

The  data  for  the  F-4  shown  in  Figure  48  shows  that  the  frequency  of 
expected  bird  strikes  is  56  strikes  per  million  flight  hours,  which  is 
approximately  6%  higher  than  the  expected  USAF  average  noted  in 
Table  XXII.  The  expected  frequency  of  bird  strikes  on  windshields/ 
canopies  is  shown  as  9.3  strikes  per  million  flight  hours  which  is 
over  twice  the  expected  average  noted  for  the  USAF  windshields  noted 
in  Table  XXII.  The  operation  during  1972  by  the  U.S.  Navy  noted  in 
Reference  28  shows  the  Navy  expected  F-4  bird  strike  frequency  as  101 
strikes  per  million  flight  hours  which  is  almost  twice  as  high  as  the 
expected  average  obtained  for  the  USAF  operation  of  the  F-4  aircraft. 
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fl _  _ao_  _n 


AIRCRAFT  BIRDSTRIKE  FREQUENCY  «  YbUl' TTTgRTHours  X  T*000*000 

‘?3K5i5!>  x  1,000,000 

*  56  strikes  per  minion  flight  hours 


WINDSHIELD/CANOPY  BIRDSTRIKE  FREQUENCY  «  x  1,000,000 

*  9.3  strikes  per  million  flight 
hours 


COMPONENT'S 
FRONTAL  AREA 
(SO.  INCHES) 

X  OF  TOTAL 
FRONTAL  AREA 
OF  AIRCRAFT 

NUMBER  OF 
BIRD  STRIKES 
ON  COMPONENT 

%  OF  TOTAL 
BIRD  STRIKES 
ON  AIRCRAFT 

WINGS 

■ 

2,349 

24.7% 

32 

19.6% 

TAIL 

445 

4.7% 

2 

1.2% 

ENGINES 

1,964 

20.7% 

55 

33.7% 

NOSE/RADOME 

1,529 

16.1% 

18 

11.0% 

FUSELAGE 

2,229 

23.5% 

29 

17.8% 

WINDSHIELDS 

975 

.. 

10.3% 

27 

16.6% 

TOTALS 

9,492 

100.0% 

153 

99.9% 

FIGURE  48 

Comparisons  of  Frontal  Areas  vs  No.  Bird  Strikes  for  the  USAF  F-4 
Aircraft  Operational  During  Years  1965  thru  1972 
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Trend  Analysis  of  Component  Frontal  Area  vs  Bird  Strikes 

The  data  obtained  from  the  studies  of  the  C9A/DC9,  DC8,  and  F-4  aircraft 
were  used  for  further  analysis  to  determine  potential  trends  for  compo¬ 
nent  frontal  area  versus  bird  strikes.  It  was  believed  that  the  data 
represented  ample  numbers  of  operational  conditions,  and  that  the  three 
aircraft  were  sufficiently  representative  of  types  and  models  of  aircraft 
for  preliminary  studies.  The  smaller  of  the  thtie,  v!<e  F-4,  had  a  total 
frontal  area  of  949?  square  inches  with  two  engines  and  inlets  mounted 
forward  on  the  fuselage.  The  medium-sized  C9A/DC9  had  a  total  frontal 
area  of  42,101  square  inches  with  two  engines  mounted  off  the  aft  fuse¬ 
lage,  and  the  larger  DC8  had  a  frontal  area  cf  83,400  square  inches  with 
four  engines  suspended  below  the  wings. 

Computations  for  this  study  were  made  using  the  method  of  linear  regres¬ 
sion  analysis.  The  trend  line  equation  used  was  of  the  form: 

Y  =  a  +  bX 

where:  Y  =  %  of  bird  strikes 

X  =  %  of  aircraft  frontal  area  component 
a  =  intersect  on  Y  axis 
b  =  slope  of  trend  line 
Solving  two  simultaneous  equations: 

IY  =  Na  +  b  IX  and  IXY  =  a  IX  -r  b  IX2 
where: 

N  =  no.  conditions 
-  3  aircraft  x  6  conditions  each 
=  18 

The  trend  for  the  data  was  found  to  be: 

Y  »  12.559  +  .246X 

The  original  assumptions  were  that  the  probability  for  a  bird  strike  on 
any  component  of  the  aircraft  was  equally  likely. 
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To  determine  how  well  the  data  used  were  correlated  the  following 
calculations  were  made: 


NZXY  -  (  ZX)(  IY) 


;(NIX2  -  (XX)2][NlY2  -  (IY)2] 


where: 


r  *  coefficient  of  correlation 
The  value  determined  was: 

r  =  .249 


For  a  perfect  correlation  r  should  be  +1  or  -1.  In  this  case  r  *  .249 
indicating  that  some  component  frontal  areas  seam  to  be  more  vulnerable 
to  bird  strikes  than  others  and  that  the  hypothesis  with  respect  to  the 
probability  of  bird  strikes  on  any  component  beiAj  equally  likely  may 
not  be  valid.  Other  factors  to  be  considered  are: 

1)  Size  of  data  base 

2)  Reporting  factors  with  respect  to: 

a)  Awareness  of  strike 

b)  Psychological  aspect  of  windshield  o**  engine  strikes 


The  regression  line  gives  only  a  "best  estimate"  of  the  data  used  ard  to 
take  into  account  the  scatter  of  conditions  two  standard  errors  of  esti¬ 
mates  were  used  to  establish  a  95%  confidence  level  to  compensate  for 
the  scatters.  The  formula  used  was: 


where • 

Sy  «  standard  error  of  estimate  in  Y  direction 
Yc  ■  calculated  values  of  Y  from  trend  line. 

The  value  determined  was: 

2Sy  -  i  13.438 

A  mathematical  model  depicting  the  functional  relationship  of  the  per¬ 
centage  of  aircraft  component  frontal  area  as  a  function  of  the  expc.  ted 
percentage  of  aircraft  bird  strikes  is  shown  In  Figure  49. 
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A  review  was  made  of  all  the  windshield/canopy  bird  strike  data  available. 
Since  the  windshield  and  canopy  represented  10.32  of  the  F-4  total  area, 
and  is  probably  a  maximum  for  most  aircraft;  from  Figure  49  it  is  shown 
that  in  any  given  period  of  time,  on  any  aircraft,  the  predated  percent 
of  bird  strikes  for  windshield/canopies  ranges  from  0  to  33%  with  an 
average  of  15%.  From  the  multitude  of  available  bird  strike  incident 
reports,  no  other  data  exceeded  the  33%  for  windshields,  which  tends  to 
indicate  a  good  expectation  range  for  bird  strikes  on  windshields.  This 
model  shows  a  clear  delineation  that  bird  strikes  can  be  expected  on 
windshields  and  canopies;  therefore,  subsequent  aircraft  must  be  designed 
for  bird  impact  requirements. 


Actual  percentage  plot  points 


craft  Fron 


Validity  Test  of  Trend  Analysis:  Component  Frontal  Area  vs  Bird  Strikes 


To  test  the  validity  of  the  trend  analysis  theory  that  was  developed 
around  the  three  McDonnell -Douglas  aircraft,  the  following  three  air¬ 
craft  were  studied  for  comparison:  the  Boeing  B727  aircraft  operated  by 
U.S.  domestic  air  lines;  the  Ling-Temco-Vought  A7  aircraft  operated  by 
the  USAF;  and  the  Douglas  A4  aircraft  operated  by  the  U.S.  Navy.  The 
1972  FAA  data  showed  47  bird  strikes  for  the  B727  aircraft.  Figure  50 
was  developed  for  the  B727  Component  Frontal  Areas  vs  percentage  of  bird 
strikes  and  when  each  of  the  findings  for  the  B727  frontal  areas  were 
compared  to  the  Trend  Analysis  shown  in  Figure  49,  the  actual  percentage 
of  bird  strikes  per  component  did  fall  within  the  established  ranges. 

A  review  of  the  DC9  and  B727  data  for  1972  also  shows  other  similarities 
that  are  significant.  The  B727  flew  approximately  1.7  times  as  many 
hours  and  had  twice  as  many  bird  strikes  as  the  DC9. 

The  bird  strike  probability  predictions  were  similar  between  the  two 
aircraft,  revealing  27.1  strikes  per  million  flight  hours  for  the  DC9  and 
29.52  strikes  per  million  flight  hours  for  the  B727.  It  was  virtually 
impossible  to  obtain  all  of  the  flight  hours  logged  by  all  U.S.  commer¬ 
cial  air  lines  for  all  different  types  of  operational  aircraft;  however, 
an  approximate  29  strikes  per  million  flight  hours  might  be  an  expected 
average  for  commercial  aircraft  operating  in  CONUS. 

Figure  51  was  developed  for  the  A7  Component  Frontal  Area  vs  percentage 
of  bird  strikes  and  when  each  of  the  findings  for  the  A7  frontal  areas 
were  compared  to  the  Trend  Analysis  shown  In  Figure  49,  the  actual  per¬ 
centage  of  bird  strikes  per  component  did  fall  within  the  established 
ranges. 
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AIRCRAFT  BIRDSTRIKE  FREQUENCY 


x  1,000,000 


_  Total  bird  strikes 
Total  flight  hours 

“T3Sn75T  x  1.000.000 

a  29.52  per  million  flight  hours 
WINDSHIELD  BIRDSTRIKE  FREQUENCY  -  10 

T755TT75T  x  i*000*000 

*  6.28  per  million  flight  hours 


COMPONENT'S 
FRONTAL  AREA 
(APPROX  SQ  ?.N) 

*  OF  TOTAL 
FRONTAL  AREA 
OF  AIRCRAFT 

NUMBER  OF 
BIRD  STRIKES 
ON  COMPONENT 

X  OF  TOTAL 
BIRD  STRIKES 
ON  AIRCRAFT 

WINGS 

22,500 

41 .35* 

12 

25.53* 

TAIL 

6,044 

11. m 

2 

4.25* 

ENGINES 

6,000 

11.03* 

1 

2.13* 

NOSE/RADOME 

3,215 

5.91* 

13 

27.66* 

FUSELAGE 

14,700 

27.02* 

9 

19.15* 

WINDSHIELDS 

1,950 

3.58* 

10 

21.28* 

TOTALS 

54,409 

100.00* 

47 

100.00* 

FIGURE  50 

Comparison  of  Frontal  Areas  vs  Number  of  Bird  Strikes 
for  Commercial  B727  Aircraft  Operated  by  U.S.  Air  Lines  During  1972 


AIRCRAFT  BIRDSTRIKE  FREQUENCY  =  Total'  flighVhours  X  1  *000‘000 

=  -1277/79— x  1,000,000 


=  70.43  per  million  flight  hours 


COMPONENT'S 
FRONTAL  AREA 
(APPROX  SQ  IN) 

%  OF  TOTAL 
FRONTAL  AREA 
OF  AIRCRAFT 

NUMBER  OF 
BIRDSTRIKES 

ON  COMPONENT 

%  OF  TOTAL 
BIRDSTRIKES 
ON  AIRCRAFT 

WINGS 

2397 

29.47 

2 

22.22 

TAIL 

1175 

14.45 

0 

0 

ENGINES 

1659 

20.40 

3 

33.33 

NOSE/RADOME 

573 

7.04 

1 

11.11  ’ 

FUSELAGE 

1457 

17.91 

2 

22.22 

WINDSHIELDS 

873 

10.73 

1 

11.11 

TOTALS 

8134 

100.00 

9 

99.99 

FIGURE  51 


Comparison  of  Frontal  Areas  vs  Number  of  Birdstrikes 
for  A7  Aircraft  Operated  by  USAF  1968  through  1972 


When  comparing  the  C9A,  F4  and  A7  to  the  data  noted  in  Table  XXII, 
the  C9A  shows  !C3  strikes/million  flight  hours  which  is  2.07  times  the 
uSAF  average  of  52.6  strikes/mi 11  ion  flight  hours;  the  F4  shows  56 
strikes/million  flight  hours  which  is  very  close  to  the  USAF  average  of 
52.6  strikes/million  flight  hours;  and  the  A7  data  shows  70.43  strikes/ 
million  flight  hours  which  is  1.34  times  the  USAF  average.  It  is  prob¬ 
able  that  these  differences  are  the  result  of  numbers  of  aircraft 
involved,  bases  from  which  the  aircraft  are  operational,  the  flight 
durations  at  altitudes,  the  frequency  of  low-level  training  missions, 
the  difference  In  normal  operations  between  the  F4  and  A7,  or  other 
unknown  reasons. 

Figure  52  was  developed  for  the  A4  Component  Frontal  Area  vs  percentage 
of  bird  strikes  and  when  the  canopy  and  engine  frontal  areas  were  com¬ 
pared  to  the  Trend  Analysis  shown  in  Figure  49,  the  actual  percentages 
of  bird  strikes  per  component  did  fall  within  the  established  range. 

The  A4  was  the  smallest  airplane  studied  and  Is  operated  from  U.S.  Navy 
carriers  as  well  as  coastal  Navy  bases,  but  actual  flight  hours  were  not 
available. 


J 
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COMPONENT'S 
FRONTAL  AREA 
(APPROX  SQ  IN) 

%  OF  TOTAL 
FRONTAL  AREA 
OF  AIRCRAFT 

NUMBER  OF 
BIRDSTRIKES 

ON  COMPONENT 

%  OF  TOTAL 
BRIDSTRIKES 
ON  AIRCRAFT 

ENGINE 

952 

15.30 

12 

21.43 

WINDSHIELD 

413 

6.64 

5 

8.93 

WINGS 

2491 

40.04 

39 

69  64 

FUSELAGE 

1137 

18.27 

TAIL 

848 

13.63 

381 

6.12 

TOTALS 


6222 


100.00 


56 


100.00 


Bird  Weight  Statistical  Analyse?. :  Curve  Fitting  Data 

The  most  controversial  factor  in  the  selection  of  design  criteria  for 
windshield/canopy  and  support  structure  is  unquestionably  the  selection 
of  bird  weight  or  weights.  Considering  the  20  billion  birds  that 
frequent  the  CONUS,  most  are  lightweight  and  of  the  perching  bird 
variety.  There  seems  to  be  some  differences  of  opinion  regarding  the 
selection  of  exact  weights  for  some  of  the  heavier  birds;  l.e.,  the 
albatross  may  weigh,  depending  on  the  data,  either  a  nominal  weight 
range  of  4-8  pounds,  or  up  to  18  pounds. 

Of  the  many  thousand  of  birds  In  each  species  only  a  few  hundred  are 
ever  weighed,  which  is  a  questionable  sampling  plan.  Also,  in  the 
identified  weight  data  there  Is  a  marked  difference  in  weight  between  the 
male  and  the  females  of  the  species.  Another  factor  that  could  greatly 
influence  the  actual  weights  of  species  Is  the  time  of  year  and  whether 
or  not  the  species  were  weighed  before  or  after  migrations  to  or  from 
their  breeding  grounds.  For  this  series  of  studies  the  average  weights 
were  selected  from  the  available  data. 

Birds  involved  in  actual  collisions  were  not  easily  studied  statistically 
and  at  best  the  ensuing  studies  have  many  conpromises  in  an  attempt  to 
provi/_-  some  meaningful  selection  of  bird  weights. 

The  ICAO  data  for  1967-1969,  Reference  25,  indicated  that  94. 5%  of  the 
birds  struck  worldwide  weighed  less  than  4  pounds,  4%  of  the  birds 
weighed  between  4  and  8  pounds,  and  1.5%  or  45  incidents,  indicated  the 
birds  weighed  more  than  8  pounds. 

It  was  of  Interest  to  note  that  the  RAF  and  German  Air  Force  did  not 
have  any  strikes  above  three  pounds,  as  noted  in  Section  III,  Table  XII 
and  XIII  respectively. 

This  tends  to  Indicate  that  the  Europeans  are  not  Involved  with  heavy¬ 
weight  birds.  Yet,  0.52%  of  the  KLM  bird  strikes  weighed  between 
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8  and  9  pounds.  This  can  possibly  be  explained  as  occurrences  outside 
of  Europe. 

The  sanitized  computer  printout  data,  supplied  by  the  Air  Force  Safety 
Center  at  Norton  AFB,  covering  the  period  1965-1972  was  analyzed  and  it 
was  determined  that  619  incidents  identified  the  birds  struck. 

Incident  reports  noted  in  Reference  1  and  2,  obtained  from  the  FAA 
pertaining  to  commercial  air  lines  operating  in  the  CONUS  identified 
173  of  the  birds  struck  during  1971  and  1972. 

These  two  sets  of  data  were  analyzed  initially  by  sorting  the  data 
f.tdlviauaily  in  weight  ranges,  and  calculating  cumulative  frequencies 
(percents)  as  noted  in  Table  XXIV. 
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Linear  regression  analyses  was  performed  on  each  set  of  data  using  the 
polynomial  formulations  to  develop  averages.  In  the  analysis  the  bird 
weights  were  considered  as  the  independent  variable  and  the  cumulative 
frequencies  (percent)  were  considered  as  the  dependent  variable. 

The  data  was  input  into  a  computer  that  had  the  capabilities  for  speci¬ 
fying  the  largest  degree  of  polynomial  to  provide  the  best  fit  or  aver¬ 
ages  for  each  set  of  data. 

The  eq«ia tions  computed  were: 

Y  «  a  +  bX  +  cX2  +  dX3  +  eX4 

FAA:  Y  *  9.978  +  47.08X  -  9.70X2  +  0.874X3 

USAF:  Y  «  16.72  +  34.27X  -  4.91X2  +  0.26XJ 

where: 

X  *  Bird  Weights 

Y  =  Cumulative  Frequency  (Percent) 

Shown  in  Figure  53  the  actual  cumulative  frequencies  were  plotted  as 
well  as  the  polynomial  curves.  Reviewing  the  curves  indicated  that 
approximately  92%  of  the  birds  struck  weighed  less  than  four  pounds. 

The  remaining  8%  included  all  of  the  birds  above  four  pounds.  It  was 
interesting  to  note  the  close  similarity  of  the  curves  to  previous 
studies  accomplished  by  the  FAA  (formerly  CAA)  noted  in  Reforew?  23 
and  National  Research  Council  of  Canada,  noted  in  Reference  27. 


-  0.0285X4 
-  0.003SX4 
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Using  descriptive  statistical  met’  >dologies  describod  by  Wolf 
(Reference  71),  the  data  shown  in  Table  XXIV  were  further  analyzed  to 
determine  confidence  limits  for  the  selection  of  bird  weights  for  use 
as  recomnended  design  criteria. 


As  shown  In  Figures  54  and  55  histograms  were  plotted  to  show  the  fre¬ 
quency  distributions  for  each  set  of  data. 


FIGURE  54 

Frequency  Distribution  of  USAF  Identified 
Birds trikes  In  CONUS  1965-1972 


0  1  23456  789  10  11 
BIRO  WEIGHT  (Range) 

FIGURE  55 

Frequency  Distribution  of  Comnerclal  Airlines  (FAA) 
Identified  Birdstrikes  in  CONUS  1971-1972 


The  calculations  required  to  develop  the  statistical  analysis  for 
subsequent  paragraphs  are  shown  in  Tables  XXV  through  XXVIII. 


} 
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TABLE  XXV 


COMPUTATIONS  DERIVED  FROM  THE  USAF 
IDENTIFIED  BIRDSTRIKES  DATA  IN  CONUS  1965-1972 


xi 

■ 

Vi 

OT-Xi) 

(T-X,)2 

ff-ty2  fi 

0.5 

235 

117.5 

1.6*4 

2.736 

642.960 

1.5 

38 

57.0 

0.654 

.428 

16.264 

2.5 

237 

592.5 

-0.346 

.120 

28.440 

3.5 

62 

217.0 

-1.345 

1.812 

112.344 

4.5 

11 

49.5 

-2.346 

5.504 

60.544 

5.5 

4 

22.0 

-3.346 

11.196 

44.784 

6.5 

7 

45.5 

-4.346 

18,888 

132.216 

7.5 

0 

0 

-5.346 

28.580 

0 

8.5 

13 

110.5 

-6.346 

40.272 

523.536 

9.5 

4 

38.0 

-7.346 

53.964 

215.856 

10.5 

8 

84.0 

-8.346 

69.656 

557.248 

Total 

619 

1333.5 

233.160 

2334.192 

TABLE  XXVI 

COMPUTATIONS  DELVED  FROM  THE  USAF 
IDENTIFIED  BIRDSTRIKt.  OAT  A  IN  CONUS  1965-1972 


xi 

fi 

Vi 

C5f*-x1) 

(x‘-X1)Z 

(X'-X,)2  f, 

2.5 

200.5 

501.25 

-0.346 

.120 

24.060 

3.5 

62 

217.0 

-1.346 

1.812 

112.344 

4.5 

11 

49.5 

-2.346 

5.504 

60.544 

5.5 

4 

22.0 

-3.346 

11.195 

44.784 

0.5 

7 

45.5 

-4.346 

18.888 

132.216 

7.5 

0 

0 

-5.346 

28.580 

0 

8.5 

13 

110.5 

-6.346 

40.272 

523.536 

9.5 

4 

38.0 

-7.346 

53.964 

215,856 

10.5 

8 

84.0 

-8.3:6 

69.656 

557.248 

Total 

309.5 

229.996 

1670,59 

TABLE  XXVII 
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The  means  or  arithmetic  means  for  the  frequency  distributions  were 
determined  as  follows: 


X  * 


l  Vi 

— R 


where: 


X  *  arithmetic  mean 
X^  =  midpoint  of  Individual  intervs'.s 
f^  *  frequency  of  individual  Intervals 
N  *  total  number  of  occurrences 


then: 

USAF:  X  -  -1-3^5-  «  2.154 
FAA  :  X  *  -3-y|g£  *  2.113 

These  arithmetic  means  Indica  .ed  the  average  weights  of  birds  struck. 

The  assumption  was  made  that  these  will  also  represent  the  average 
weights  of  birds  expected  to  be  struck  in  the  future. 

Actually,  It  was  Intended  that  these  two  sets  of  data  were  samples  taken 
from  an  unknown  universe.  The  USAF  sample  data  with  a  total  of  619 
identified  bird  strikes  were  considered  to  be  very  large  and  the  FAA 
sample  data  of  173  Identified  bird  strikes  were  considered  to  be  a 
large  sample. 

Estimating  means  from  sample  data  could  produce  built-in  errors.  The 
standard  error  of  the  estimated  means  was  calculated  from  the  formula: 


Sv  -  t<Al  ~  A1'  ’1 

x  M — m  -T)- 


X<)2  f, 


I 

i 

t 
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where : 


i  Sy  =  one  standard  error  of  the  estimated  mean  to  a 
68.26%  confidence  level 

t  3  Sy  =  three  standard  errors  of  the  estimated  mean  to  a 
99.74%  confidence  level 

then: 

USAF: 


Sy  *=  +  .078 
3  Sy  «  t  .234 

FAA: 

c_  c  + 

ay  . 

Sy  -  +  .149 

3  Sy  «  t  .447 

Using  these  two  sets  of  data  as  a  method  of  predicting,  it  was  estab¬ 
lished  to  a  99.74%  confidence  level  that  the  average  bird  weight 
(arithmetic  mean)  of  bird  strike  data  that  may  be  compiled  in  the  future 
for  either  commercial  airlines  or  the  USAF  operating  In  the  CONUS  would 
occur  in  intervals  determined  as  follows: 

Iu  -  X  +  3$y 

*  X  -  3Sy 

where: 

Xu  «  the  upper  limit,  of  the  range  of  arithmetic  mean 

*  the  lower  limit  of  the  range  of  the  arithmetic  mean 


659.092 

(173)072) 
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then: 


FAA: 

1TU  *  2.113  +  .447 
*  2.56 

\  *  2.113  -  .447 

-  1.67 

USAF: 

Xu  *  2.154  +  .234 
■  2.39 

\  *  2.154  -  .234 

-  1.92 


As  noted  the  average  bird  weight  obtained  for  the  USAF  data  of 
X  *  2.156  did  fall  within  the  limits.  Further,  the  USAF  sample  size 
being  much  larger  than  the  FAA  sample  size,  the  distribution  about  X 
is  not  as  great  when  establishing  the  error  of  the  mean. 


The  medians  were  calculated  for  these  frequency  distributions  as  follows: 

N  _  F 

X '  «  b  +  ^  rc**1  x  Q 

^  *m 

where: 

median 

N  «  number  of  occurrences 

at 

2  «  establishes  the  number  of  occurrences  that  must  lie  on 
each  side  of  the  median  to  be  established 
b^  *  lower  boundary  of  the  median 

pm-l  *  nib,*>er  of  occurrences  In  the  m-1  Intervals  preceding  the 
median  interval 

f  ■  number  of  observations  In  the  median  class 
m 

C  «  class  Interval 
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then: 


Both  sets  cf  data  Included  bird  weights  starting  from  0  weight  to  estab 
lish  frequency  distributions ;  therefore.  It  must  be  concluded  that  50% 
of  the  bird  strikes  must  occur  between  0  and  the  medians.  Tables  XXVI 
and  XXVIII  were  compiled  to  show  the  standard  error  of  the  medians. 

It  was  assumed  that  estimating  medians  from  sample  data  could  produce 
built-in  errors.  standard  error  of  the  medians  was  calculated  from 
the  formula: 


where : 

t  S^'  ■  one  standard  error  of  the  median  to  a  S£.26% 
confidence  level 

t  3Sjrr  ■  three  standard  errors  of  the  median  to  a  99.74% 
confidence  level 


A  measure  of  dispersion  for  establishing  a  distribution  or  spread  from 
these  averages  is  statistically  defined  as  a  standard  deviation.  The 
equation  for  the  standard  deviation  Is  as  follows: 


As  noted  In  Figure  56  averages  may  be  greatly  dispersed,  particularly 
when  the  error  of  estimated  mean  or  median  Is  also  considered. 

In  an  endeavor  to  establish  bird  weights  for  design  criteria,  only  those 
averages  that  represent  the  upper  50X  were  used  to  determine  standard 
deviations. 

Computations  were  made  to  determine  various  standard  deviations  from  the 
averages  as  follows: 

SD-|  =  Standard  deviation  for  USAF  data  taken  to  right  side 
of  )f 

SD2  »  Standard  deviation  for  FAA  data  taken  to  right  side 
of  X 

SDg  *  Standard  deviation  for  USAF  data  taken  to  the  right 
side  of  J 

S04  *  Standard  deviation  for  FAA  data  taken  to  the  right  side 
of  x' 

SDr*  *  Standard  deviation  for  FAA  data  taken  to  the  right  side 

J  fV- 

The  computations  used  are  shown  In  Tables  XXV  through  XXVIII  and  the 
standard  deviations  computed  are  as  follows: 


SD1  * 

J  2334.192 

-  1.94 

sd2  « 

1 659.092 

M  172 

«  1,96 

SD3 

./ 1670.59 

1  ids. 5 

=  2.327 

2.554 


™  _  ./ 557. 689  _ 

S04  V~S53“  " 

sd5  *  V~553“  2-’51 

In  order  to  establish  confidence  levels  certain  assumptions  must  be 
accepted.  Since  birds  will  always  have  some  weight  greater  than  zero, 
it  must  be  accepted  that  50%  of  the  birds  previously  struck  and  predic¬ 
tions  for  future  strikes  must  occur  in  the  weight  range  between  zero 
and  the  central  point  or  averages  selected.  This  is  obvious  from  the 
frequency  distribution  noted  In  Figures  54  and  55  and  assuming  that 
normal  distribution  theory  can  be  applied  to  the  right  side  taken  about 
these  averages  (means  and  medians). 

Using  this  approach,  the  left  side  of  each  average  selected  would 
represent  501  of  the  totals,  and  the  averages  would  automatically  repre¬ 
sent  a  502  confidence  level.  Applying  the  normal  distribution  theory  to 
obtain  confidence  levels  on  the  right  side  of  the  averages;  one,  two, 
and  three  standard  deviations  would  respectively  represent  34.13%, 

47.72%  and  49.87%  of  the  predicted  distributions  as  determined  from 
tables  of  normal  curves.  These  percentages  would  be  additive  to  the  50%. 
The  summary  of  these  calculations  are  shown  in  Table  XXIX. 
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TABLE  XXIX 


X 

XL 

XU 

f 

?L 

Xu 
SD. 
SD,+  X 
2SD.+  J 
3SD.+  X 

sd2 

SD2+  X 
2SD2+  X 
3SD2+  X 

SDi, 

S03+  X* 
2SD3+  X* 
3SD3+  t 
SD4 

sd4+  x' 
2SD4+  X* 
3SD4+  x' 
SD5 

$d5+  ru 
2SD5+  x'u 
3SD5+  X'u 


CONFIDENCE  LEVELS  PREDICTIONS  OF  BIRD  WEIGHTS 
FOR  FUTURE  USAF  AND  COMMERCIAL  AIRLINES  (FAA) 


USAF 

BIRD  WEIGHT 
(LBS) 

FAA 

BIRD  WEIGHT 
(LBS) 

ASSUMED 

CONFIDENCE 

LEVELS 

2.154 

2.113 

50% 

1.92 

1.67 

50% 

2.39 

2.56 

50% 

2.154 

1.859 

50% 

1.757 

1.034 

50% 

2.550 

2.684 

50% 

1.940 

4.094 

84.13% 

6.034 

97.72% 

7.974 

1.96 

99.87% 

4.073 

84.13% 

6.033 

97.72% 

7.993 

99.8/% 

2.327 

4.481 

84.13% 

6.808 

97.72% 

9.135 

2.554 

99.87% 

4.413 

84.13% 

6.967 

97.72% 

9.621 

99.87% 

2.151 

4.835 

84.13% 

6.986 

97.72% 

9.137 

99.87% 

JMLlgUSJI—L-UJ  j 


It  can  b'i  concluded  and  reasonably  assumed  that  compiled  data  pertinent 
to  future  bird  strikes  of  USAF  and  commercial  airlines  operating  in 
CONUS  would  result  in  similar  results  as  noted  in  this  study. 


Historically,  the  design  criteria  for  commercial  aircraft  has  included 
a  requirement  for  a  four-pound  bird  impact  design  and  test  verification 
for  windshi elds/windows  and  support  structure.  Therefore,  many  compa¬ 
nies  in  the  airframe  industry  located  in  CONUS,  Canada,  and  England,  as 
well  as  the  recent  implementation  of  test  equipment  by  the  USAF  are 
designed  and  calibrated  for  verification  testing  with  a  four-pound  bird. 

Thus,  the  data  from  this  study  was  further  analyzed  to  establish  more 
precise  approximations  for  the  confidence  levels  for  four,  six  and 
eight-pound  birds. 


Tables  of  cumulative  areas  of  a  normal  curve  taken  about  the  mean  and 
median  (averages)  to  the  indicated  deviation  from  the  averages  were 
used  to  determine  the  following  calculations: 


X1 

3D 


where: 


,1 


X  -I 


X  *  selected  average 

X  »  selected  bird  weight  (4,  6,  or  8  pound) 

SD  ■  selected  standard  deviation 

from  these  calculations  of  SD^  the  confidence  levels  (areas)  were 
determined  by  using  the  table. 


Then: 


USAF. data  taken  from  X 

J  »  2.154  pounds  or  50X  confidence  level  or  area  under  curve 
between  0  and  X 


SD1  ■  1.94 


154 


- ! ' 


Four  Pound: 


Six  Pound: 


Eight  Pound: 


4-2.154  _  aciei 

T5T  *  -9S  54 

X 

From  table  gg-  c  .95154  tbs  confidence  level  or 
area  was  determined  as  82.929%  (.3P929  area) 

'ror  =  K9825 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  97.625%  (.97625  area) 

8-2.154 

~~TM" 


3.013 


From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  99.87%  (.9987  area). 


FAA  data  taken  from  X: 
X  =  2.113 


SD2  =  1.96 


Four  Pound: 


4-2.113 
1  ."96" ' 


.96275 


Six  Pound: 


From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  83.22%  (.8322  area). 

6-2.113 


nr 


*  1.9831 


Eight  Pound: 


From  table  the  confidence  level  or  area  :;as  deter¬ 
mined  as  97.63%  (.9763  area). 

8-2.113 


T3T 


3.0035 


From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  99.87%  (.9987  area). 


USAF  data  taken  from  T 
t  «  2.154 

sd3  * 

Four  Pound: 


2.327 
4-2.154 


.7933 


E32 7 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  78.55'*  (.7855  area). 
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\ 


Six  Pound:  ^7327^  =  1,653 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  95.06*  (.9506  area). 

Eight  Pound:  *  2.512 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  99.41*  (.9941  area). 

FAA  data  taken  from  V  : 

X*  =  1 .859 
SD4  *  2.554 

Four  Pound:  •  .8333 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  79.9*  (.799  area). 

Six  Pound:  *  1.621 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  94.75*  (.9475  area). 

E^ght  Pound:  -  2.404 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  a«  99.19*  (.9919  area). 

FAA  data  taken  from  X  u  : 
x'u  «  2.684 
SD5  *  2.151 

Four  Pound:  *  .6118 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  72.97*  (.7297  area). 

Six  Pound:  *  1-5416 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  93.85*  (.9385  area). 


i 


Eight  Pound: 


2.4714 


8-2.684 

“27T5T 

From  table  the  confidence  level  or  area  was  deter¬ 
mined  as  99.32%  (.9932  area). 

It  is  believed  that  with  absolute  conservatism  the  confidence  level  for 
the  selection  of  a  four-pound  bird  weight  for  design  criteria  would  be 
between  72.97%  and  83.22%  with  an  acceptable  normal  confidence  level  of 
78.55%  taken  from  the  USAF  median. 

The  confidence  level  for  a  six-pound  bird  weight  would  be  in  the  range 
93.85%  and  97.63%. 

The  confidence  level  for  an  eight-pound  bird  weight  would  be  in  the 
range  99.32%  and  99.87%. 


Bird  Weight  Analyses:  Theoretical  Distributions  -  Probability 
Predictions 


Treating  the  data  noted  in  Table  XXIV  as  sample  data  and  applying 
descriptive  statistical  methodologies,  the  confidence  levels  established 
for  the  expectations  of  a  bird  strike  being  less  than  four  pounds  proved 
to  be  radically  different  than  the  actual  reported  data.  Consistently, 
reported  data  shows  that  over  90%  of  the  birds  struck  weigh  less  than 
four  pounds,  while  the  greatest  confidence  level  obtainable  using  samp¬ 
ling  plan  theory  was  83.22%. 

The  data  from  Table  XXIV  was  further  analyzed  using  one-dimensional 
distributions  theories  developed  by  Hald  (Reference  73)  to  develop  prob¬ 
abilities  for  the  upper  50%  of  the  data.  The  median  bird  weights  was 
selected  as  the  central  limit. 

Cumulative  frequency  distributions  for  the  USAF  and  FAA  data  are  shown 
plotted  in  Figure  57  and  58  respectively. 

It  was  virtually  Impossible  to  develop  curve  fitting  equations  for  the 
data  to  account  for  both  sides  of  the  median.  Since  it  was  accepted 
that  50%  of  the  bird  strikes  would  occur  on  each  side  of  the  median 
only  the  area  of  the  upper  50%  of  the  cumulative  frequency  distributions 
were  selected  for  curve  fitting. 

The  points  representing  the  upper  50%  of  the  data  were  input  into  an 
ISM  2250  Computer  Graphics  machine.  The  purpose  for  using  this  equips 
merit  was  to  obtain  assistance  in  developing  curves  and  their  equations. 
The  smooth  curves  are  shown  in  Figures  59  and  60. 
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BIRD  WEIGHT  (LBS) 


(x)=  26.895  -13.174  X+(l73.586x -682.987X+669.699) 


The  equations  of  the  curves  represent  the  cumulative  distribution  func¬ 
tion  noted  by: 

p  w 

Taking  the  derivative 


gives  the  density  function  of  X;  which,  when  multiplied  by  the 
frequency  of  bird  strikes  (N),  is  the  frequency  distribution.  These 
equations  and  curves  with  corresponding  histograms  are  shown  in 
Figures  61  and  62. 

To  determine  the  probability  that  a  bird  weight  falls  within  an  interval 
on  the  right  side  (upper  50%)  of  the  median,  accepting  that  50%  or 
Pqc.500  occurs  between  0  and  the  median  and  that  the  cumulative  prob¬ 
abilities  equal  one.  Then: 

p0  +  P1  +  p2  +  ***•  *  1 

These  probabilities  were  then  determined  by  finding  the  area  under  the 
curves  noted  in  Figure  61  and  62. 

Then  * 

bird  wt.  desired  bird  wt.  desired 

P0+  /  p{x)  *  .500  +  p(x)l 

r  X' 


The  probabilities  derived  are  as  follows: 


Bird  Wt.  Interval 

Probability 

USAF 

FAA 

0  -  4 

.941 

.928 

0-6 

.963 

.954 

0-8 

.972 

.965 
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frequency  of  birdstrikes 


Bird  Weight  vs  Altitude  -  Poisson's  Statistical  Analysis 


The  Poisson  statistical  distribution  was  chosen  as  the  most  appropriate 
method  to  depict  the  probability  of  having  a  given  number  of  bird  strikes 
by  a  bird  exceeding  a  selected  weight  within  a  specific  altitude  range. 
The  data  for  this  study  was  taken  from  the  USAF  bird-aircraft  Incidents 
for  the  years  1965  thru  1972.  The  number  of  incidents  where  the  bird 
weight  and  altitude  was  known,  was  619.  The  average  number  of  bird 
strikes  per  year  on  the  windscreen/canopy  for  the  years  1966  thru  1972 
was  29.41.  If  the  619  bird  strikes  on  various  components  of  the  air¬ 
planes  were  all  assumed  to  strike  the  windscreen/canopy,  the  619  strikes 
would,  theoretically,  represent  21  years  of  strikes  on  windshields/ 
canopies,  calculated  as  follows: 


619  strikes _  _  91 

29.4  strikes /year  21  years 

The  equation  for  the  Poisson  distribution  used  was  of  the  form: 


(S) 


v  oo 


S-0 


XJ 

"ST 


vrf>ere  S  *  0,  1,  2,  3  .... 


(1) 


where: 


P^sj  *  Probability  of  not  having  more  than  S  no.  of  strikes 

X  «  Expected  no.  of  strikes  by  birds  over  a  specific 
weight  In  a  selected  altitude  range 


S  ■  No.  of  strikes  In  a  series  from  0  to  oo 
!  *  Factorial 


In  the  scale  of  probabilities,  zero  means  cthere  is  ro  chance  of  a 
strike,  while  1.0  means  it  Is  absolutely  certain  to  occur. 

For  this  study,  five  years  was  chosen  and  the  value  of  X  was  factored 
as  follows: 


„  (n)(a)(5  years) 
619  strikes 
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where: 


n  a  Expected  number  of  strikes 
a  *  Average  strikes  per  year  on  windscreen  (29.4) 

for  example: 

n  *  1,  for  a  bird  over  8  pounds  In  the  altitude  range  of 
0-100  feet. 

x  .  illfl— years)  ,  ,238 

A  series  of  curves  were  developed  using  the  Poisson's  distribution,  as 
shown  In  Figure  63  for  several  bird  weights  at  selected  altitude 
ranges  to  define  the  probability  values  for  having  more  than  an  expected 
number  of  strikes  with  birds  weighing  more  than  the  weights  specified. 

These  curves  may  be  used  by  selecting  an  expected  number  of  strikes 
occurring  over  a  f1**e-year  period  and  then  reading  directly  the  proba¬ 
bility  of  occurrence.  Example:  the  probability  of  hitting  more  than 
9  birds  over  two  pounds  In  the  altitude  range  of  0-100  feet  is  0.10  or 
a  10%  probability. 


164 


Conclusions  and  Pertinent  Findings 


1.  Section  IV  presented  the  statistical  methods  used  to  justify  recom¬ 
mended  bird  impact  design  criteria  for  windshields/canopies  and 
support  structure  for  future  USAF  aircraft. 

2.  The  average  number  of  bird  strikes  occurring  on  USAF  aircraft 
during  the  past  seven  years  (1966-1972)  was  determined  as  356 
strikes  per  year.  It  must  be  assumed  that  as  long  as  flight  fre¬ 
quencies  and  mission  profiles  are  unchanged  this  trend  will  continue 
in  the  USAF  unless  air  base  attractions  for  birds  are  eliminated; 
unless  bird  tracking  radar  systems  are  implemented;  and/or  unless 
low-level  training  missions  are  planned  to  avoid  bird  migrations. 

3.  Table  VI  (Section  III)  showed  that  over  91%  of  the  USAF  bird  strides 
occurred  below  3,000  feet  for  the  eight-year  period  (1965-1972). 

In  terms  of  the  356  strikes  per  year,  the  number  of  bird  strikes 
per  week  would  be  approximately  seven.  Comparatively,  the  data 
compiled  for  commercial  airlines  (1942-1946)  operating  in  CONUS 
(Reference  2"*)  showed  predictions  of  as  many  as  nine  bird  strikes 
per  week  for  nonpressurlzed,  propeller-driver,  aircraft  that  generally 
did  not  fly  at  altitudes  above  10,000  feet.  The  significance  of 
these  analogies  Is  that  continued  operation  of  aircraft  at  low  alti¬ 
tudes  Increases  the  likelihood  of  bird  strikes.  With  the  advent  of 
pressurized  jet  aircraft,  most  commercial  flights  are  flown  at  high 
altitudes,  thus  reducing  the  exposure  to  birds.  The  FAA  data  for 
1971-1972  shows  that  bird  strikes  on  commercial  aircraft  in  CONUS 
were  less  than  two  bird  strikes  per  week. 

4.  The  U.S.  Navy,  over  a  thirteen-year  period  (1960-1972),  averaged 
65.3  bird  strikes  per  million  flight  hours  which  Is  a  25%  higher 
rate  than  the  USAF.  Since  Naval  /aircraft  are  continually  exposed 
to  birds  following  surface  vessels,  migrating  off-shore  birds, 
birds  abundant  on  numerous  off-shore  islands.  In  addition  to  the 
locally  cosmopolitan  birds  that  frequent  land  bases  for  food  and 
roosting,  It  Is  reasonable  to  expect  a  greater  frequency  rate  of 
bird  strikes  on  Naval  aircraft. 


166 


Regardless  of  the  reporting  periods,  the  five  birds  struck  most 
frequently  were  ducks,  gulls,  vultures,  hawks,  and  pigeons.  As 
noted  In  Section  II,  the  habits  and  migratory  patterns  of  these 
birds  are  well  known.  Changes  to  air  base  ecological  balances 
would  drive  many  of  these  birds  from  the  bases. 

It  was  assumed  that  the  probability  of  a  bird  striking  any  component 
on  the  aircraft  was  by  chance.  To  validate  this  hypothesis,  the 
C9A/DC9,  DC8  and  F4  aircraft  were  selected  to  assess  the  frequency 
of  bird  strikes  versus  component  frontal  area.  It  was  concluded 
from  the  study  that  an  aircraft  was  struck  by  chance,  but  some 
components  seem  to  be  more  susceptible  to  bird  strikes  than  others. 

A  model  was  developed  from  the  data  of  the  three  selected  aircraft 
(C9A,  DC8,  and  F4)  to  depict  to  a  95%  confidence  level  for  the 
percentage  of  component  frontal  area  versus  the  percentage  of  bird 
strikes.  Three  additional  aircraft  (872/,  A7,  and  A4)  were  selected 
for  comparison  that  tended  to  validate  the  model. 

During  the  design  of  future  aircraft,  the  model  can  be  used  as  a 
useful  tool  to  predict  the  percentages  of  bird  strikes  that  could 
occur  on  the  various  component  frontal  areas. 

The  C9A  had  a  bird  strike  rate  4.05  times  greater  per  million  flight 
hours  than  the  USAF  average,  and  was  7.86  times  greater  than  the 
equivalent  DC9  operated  by  commercial  airlines.  This  anomaly  was 
attributed  to  differences  In  C9A  operational  procedures,  mission 
profiles,  and  operating  base  locations. 

Air  Canada  operations  of  the  DC8  aircraft  reported  a  rate  of  172 
strikes  per  million  flight  hours  (1964-1965),  while  the  U.S.  carriers 
reported  for  the  DC8  aircraft,  2.4  incidents  per  million  flight  hours 
(1971-1972).  It  was  expected  that  Air  Canada  would  have  a  much 
higher  bird  strike  rate  since  the  reporting  period  occurred  prior  to 
the  implementation  of  ecological  changes  to  the  Canadian  airports. 


11.  The  data  for  the  six  aircraft  studied  revealed  that  the  bird  strikes 
on  the  windshields,  fuselage,  nose/radome  and  engines  were  consis¬ 
tently  greater  than  the  expected  averages  for  those  specific  frontal 
areas. 

12.  The  data  for  the  six  aircraft  studied  revealed  that  the  likelihood 
of  bird  strikes  on  the  tail  was  consistently  lower  than  the  expected 
average  for  the  call.  The  placement  of  the  engines  on  the  aircraft 
seemed  to  have  an  effect  on  the  frequency  of  strikes  on  the  tail. 

The  C9A/DC9  with  the  engines  located  aft  on  the  fuselage  did  not 
have  any  bird  strikes  or.  the  tail;  the  DC8  with  the  engines  located 
on  the  wings  had  only  one  strike  on  tie  tail;  the  B727  with  three 
engines  located  aft  on  the  fuselage  had  two  strikes  on  the  tail, 
compared  with  five  predicted  tail  strikes;  the  F4  with  the  engines 
located  forward  and  on  the  fuselage  had  two  strikes,  which  compared 
with  eight  predicted  strikes;  and  the  A 7  with  the  engine  located  on 
the  fuselage  nose  had  no  strikes  on  the  tail. 

13.  The  USAF  data  (1965-1972)  and  the  FAA  data  (1971-1972)  were  plotted 
and  curve  fitting  equations  developed  comparing  bird  weights  versus 
cumulative  bird  strike  frequencies.  It  was  found  that  approximately 
92%  of  the  birds  weighed  less  than  four  pounds,  compared  with  the 
94.5%  developed  by  ICAO,  and  data  noted  in  Reference  23  and  27. 

14.  The  USAF  data  (1965-1972)  and  the  FAA  data  (1971-1F72)  were  treated 
as  data  samples  and  analyzed  using  descriptive  statistical  method¬ 
ologies.  From  the  mean  and  median  bird  weights  and  standard  esti¬ 
mated  errors,  it  was  concluded  that  the  average  bird  weight  taken 
from  any  future  sample  data  would  be  between  1.034  and  2.684  pounds. 
Large  sample  sizes  greater  than  600  should  show  an  average  bird 
weight  of  2.154  pounds.  It  was  assumed  that  the  medians  derived 
from  the  data  would  more  closely  represent  the  average  bird  weights 
so  that  normal  distribution  theory  could  be  applied  more  accurately. 
This  assumes  that  between  0  and  each  median  the  weights  represent 
50%  of  all  birds  struck  and  the  median  was  established  as  the  50% 
confidence  level.  Standard  deviations  were  calculated  from  the  two 
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medians  and  upper  limit  of  the  FAA  estimated  median,  and  subse¬ 
quently,  calculations  were  made  to  establish  confidence  levels  for 
four,  six  and  eight-pound  birds.  The  range  of  confidence  levels  for 
these  bird  weights  were  respectively  12.91%  to  83.22%,  93.85%  to 
97.63%,  and  99.32%  to  99.87%. 

15.  The  results  of  the  normal  distr'oution  theory  study  indicated  a 
significant  difference  to  the  actual  weights.  Even  with  the  larger 
USAF  sample  size  used  from  the  median  as  the  central  limit,  the 
confidence  level  for  birds  struck  weighing  less  than  four  pounds 
was  determined  as  78.55%,  which  is  much  lower  than  the  92%  deter¬ 
mined  from  the  actuals. 

16.  A  mathematical  study  was  also  conducted  from  the  two  sets  of  data 
in  terms  of  the  cumulative  distribution  function.  The  previously 
determined  medians  were  accepted  as  the  mid-points  of  the  data  and 
curves  developed  for  the  upper  50%  of  the  data.  By  integration 
techniques,  the  probabilities  were  determined  from  the  area  under 
the  curves.  The  probabilities  of  birds  struck  weighing  less  than 
four  pounds  for  the  USAF  and  FAA  respectively,  were  determined  as 
.941  and  .928,  which  is  in  close  agreement  with  the  ICAO  data. 

17.  A  statistical  analysis  was  performed  on  the  USAF  619  bird  strikes 
using  Poisson's  distribution  theory  and  curves  developed  for  the 
probabilities  of  hitting  specific  weight  birds  in  altitude  ranges 
over  a  five-year  period.  For  example,  the  probability  of  hitting 
more  than  nine  birds  weighing  over  two  pounds  In  the  altitude  range 
of  0  -  100  feet  during  a  five-year  period  Is  0.10  or  10%  probability. 

18.  Future  USAF  aircraft  should  be  designed  and  verification  tested  for 
bird  Impact  requirements. 

19.  There  have  been  no  catastrophic  failures  due  to  bird  strikes  on 
windshields/canopies  and  support  structures  that  were  designed  to 
the  FAA  requirements  for  Impact  of  a  four-pound  bird  at  Vj.  speeds 
at  sea  level. 
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There  were  only  two  renowned  bird  strikes  that  caused  catastrophic 
damage,  to  commercial  aircraft  in  the  past  23  years.  The.  first 
incident  occurred  in  Boston  during  1960  when  a  Lockheed  Electra 
ingested  starlings  in  the  engine  causing  the  aircraft  t.o  crash  on 
takeoff,  killing  62  persons.  The  second  occurrence  resulted  in  the 
loss  of  a  Viscount  Airline  plane  with  17  persons  killed,  when  at 
6,000  feet  over  Maryland  in  1962  the  aircraft  lost  its  vertical  tail 
after  impact  of  a  whistling  swan. 

it  is  concluded  a<.d  **ecommendej  that  the  windshields/windows  and 
support  structure  be  designed  to  withstand  the  impact  of  a  four- 
pound  bird  at  maximum  obtainable  velocities  to  8,000  feet  altitude 
(AGL)  plus  60  knots,  ill  owed  for  bird  speeds,  and  verification 
tested  to  environmental  tanperatures  including  the  effects  of  aero¬ 
dynamic  heating  as  required. 

During  the  bird  migration  periods,  particularly  August  through 
November,  aircraft  designed  for  a  four-pound  bird  impact  shall  be 
restricted  to  speeds  that  would  allow  for  the  moact  of  an  eight- 
pound  bird  —  particularly  when  flying  in  areas  such  as  the 
Sacramento  Valley  in  California  and  the  Chesapeake  Bay  area  on  the 
East  Coast  of  the  United  States. 
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SECTION  V 


PROPOSED  INTERIM  AND  UNIQUE  CRITERIA 
FOR  USAF  AIRCRAFT  IN  INVENTORY 

Many  different  models  of  aircraft  in  the  current  USAF  inventory  were 
not  designed  to  any  bird  Impact  requirements. 

The  costs  required  to  redesign  and  retrofit  the  windshields/canopies 
and  support  structure,  and  to  verify  the  redesign  for  these  aircraft 
would  be  prohibitive. 

Cost  effective  programs  could  easily  be  implemented  that  would  greatly 
reduce  the  bird  strike  frequencies  for  the'  aircraft.  Programs  for 
development  and  Implementation  could  1nclud<  he  following: 

o  Air  base  interim  procedures 
o  Windshield/canopy  ratings 
°  Base  operations  procedures 
o  Flight  procedures 

Air  Base  Interim  Procedures 

Until  procedures  developed  by  the  AFWL  Environics  Section  and  Air  Force 
Base  personnel  eliminate  those  specific  Items  around  air  bases  that 
attract  birds,  certain  interim  actions  should  be  taken  to  minimize  the 
local  bird  population  during  takeoff/landing  operations.  Since  the 
expected  number  of  strikes  per  year  during  the  takeoff /landing  phases 
Is  178,  or  50X  of  the  expected  Air  rorce  strikes,  it  is  recommended 
that  the  following  procedure,  or  an  equivalent  procedure  that  the  AFWL 
may  have  developed,  be  adopted: 

Establish  an  air  base  runway  patrol  group  for  purposes  o*  fright¬ 
ening  blrc  >om  the  vicinity  of  runways  and  taxiways.  Pyro¬ 
technic  sea. j  devices  may  be  used,  such  as  shotgun  shells  firing 
a  small  explosive  projectile.  Specific  details  for  such  devices, 
or  alternate  approaches  to  bird  dispersion  are  available  from 
the  AFWL  Environics  Section.  Patrols  should  thoroughly  tour  the 
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runway  and  adjacent  areas  at  least  30  minutes  in  the  early  morning 
and  again  15  minutes  prior  to  the  scheduled  first  flight.  Addi¬ 
tional  patrols  should  be  timed  to  match  the  daily  flight  schedule 
to  scare  birds  away  before  takeoffs  and  when  landings  are  antici¬ 
pated.  Flight  operations  should  schedule  sequentially  as  many 
flights  as  possible  to  preclude  the  possibility  of  m  -e  than  one 
aircraft  being  damaged  due  to  bird  strikes. 

Helicopters  should  fly  regular  search  patterns  to  locate  dead  ani¬ 
mals  within  five  miles  of  the  base  perimeter.  Cognizant  author¬ 
ities  should  remove  the  carcasses  to  particularly  reduce  the 
traffic  from  the  heavier  birds  such  as  vultures,  hawks,  eagles, 
and  owls. 

Bird  strikes  and  bird  movements  occur  constantly,  but  the  greatest 
potential  hazard  exists  for  major  damage  to  aircraft  during  the  migra¬ 
tions  of  waterfowl  -  ducks  and  geese.  The  fall  migrations  pose  the 
gravest  hazard  because  of  the  flock  size,  and  may  occur  at  any  time 
between  late  August  and  late  November.  The  spring  migrations  pose  an 
uncertain  lesser  hazard  and  occur  between  late  March  and  early  May. 

Flight  Safety  and  Flight  Operations  Officers  should  treat  waterfowl 
migrations  with  the  same  respect  as  they  now  treat  thunderstorms ,  and 
every  effort  should  be  made  to  schedule  flights  to  avoid  areas  where 
flocks  of  birds  may  be  expected  during  the  migration  seasons.  To 
ascertain  the  occurrence  of  movements  of  these  flocks,  pilots  should 
report  observations  of  flocks  to  the  control  towers.  Base  Operations 
Officers  may  obtain  such  information  from  the  local  U.S.  Fish  and  Wild¬ 
life  Services,  local  Audubon  societies,  local  resident  ornithologists, 
and  from  the  Canadian  Wildlife  Services. 

Windshield/Canopy  Ratings 

The  greatest  potential  hazards  to  the  safety  of  aircraft  ar.d  crew  ere 
bird  strikes  on  wlndshlelds/canoples.  Some  Air  Force  airplanes  have 
been  designed  and  tested  to  FAA  bird  Impact  requirements  and  others  have 
been  tested  by  Air  Force  contract;  yet,  otner  Air  Force  aircraft  were 
neither  bird  impact  tested  nor  have  a  design  requirement  for  bird  impact. 
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It  Is  recomnended  that  the  Air  Force  review  all  aircraft  models  In  the 
Inventory,  and  quantitatively  evaluate  the  windshield/cancpy  and  struc¬ 
tural  support  with  regard  to  bird  impact  resistance ,  The  Air  Force 
should  require  that  this  evaluation  be  an  integral  part  of  planning  all 
flight  operations .  Categorically,  each  aircraft  windshield/window 
could  be  rated  as  follows: 

°  Tested 

°  Acceptable  by  analysis 
°  Acceptable  by  comparison 
°  Marginal  by  comparison 
°  Unacceptable  by  comparison 
°  Comparisons  are  rot  available 

At  the  completion  of  the  review  of  existing  aircraft  the  findings  should 
be  documented  in  a  similar  manner  as  shown  in  Table  XXX.  The  Douglas 
C9A,  Northrop  T-38,  and  Rockwell  International  T-39  aircraft  are  shown 
as  an  illustrative  example  in  this  table  to  indicate  the  conditions 
tested  to  the  FAA  requirements.  When  comparisons  are  made  between  air¬ 
craft  not  tested  to  aircraft  tested,  certain  precautions  are  warranted 
with  regard  to  such  items  as  corner  structural  joints,  section  proper¬ 
ties  of*s,tructural  members,  and  latching  mechanisms  for  openable  windows 
and  hatches. 


TABLE  XXX 


PROPOSED  TABULAR  METHOD  FOR  RATING  USAF  AIRCRAFT  WINDSCREENS 


Aircraft 

Model 

Rating 

Bird 

W». 

(Kin) 

Speed 

Vs 

(Hex) 

(1) 

Temps. 

of 

Component 

■ 

Material 

(Mil 

Spec) 

Operat'l 

Reqmts 

Dabrls 

Flying 

at 

Impact 

Expected 

Injury 

to 

Crew 

Component 
Visibility 
Affected 
On  Impact 

C9A 

Tested 

■ 

350K 

+U0°F 

Center 

Wlndshlds 

HIL-G- 

25071 

Anti-Ice 
Sys.  On. 

Minute 

Glass 

Particles 

None 

Yes 

C9A 

Tested 

■ 

260K 

-65*F 

Center 

Wlndshlds 

MIL-G- 

25871 

Anti -Ice 
Sys.  Off 

Minute 

Glass 

Particles 

B 

Yes 

C9A 

Analysis 

1 

235K 

Center 

Wlndshlds 

Mil-G- 

25871 

Anti-Ice 

Off- 

Cracked 

Glass 

None 

Yes 

C9A 

Tested 

■ 

350k 

♦110‘F 

Side 

Wlndshld 

MIL-G- 

25871 

Anti-Ice 
Sys.  On 

Minute 

Glass 

Particles 

None 

Yes 

C9A 

Tested 

■ 

285K 

-65*F 

Side 

Wlndshld 

MIL-G- 

25871 

Anti-Ice 
Sys.  Off 

Minute 

Glass 

Particles 

None 

■ 

C9A 

Tested 

■ 

350k 

-65*  to 

no'  ■ 

Clearvlew 

Window 

M1L-P- 
25690  & 
25374 

Oefog  on 
Optional 

None 

None 

C9A 

Tested 

■ 

350K 

-65*  to 
110*F 

Eyebrow 

Window 

KIL-P- 
25690  6 
25374 

Defog  on 
Optional 

None 

None 

No 

C9A 

Tested 

35CK 

-65*  to 

1 10*F 

Struct. 

Between 

Windows 

Alum. 

Normal 

None 

None 

No 

T-?8 

Tested 

■ 

320 

w/s 

mm 

WRtWm 

— 

None 

None 

Yes 

T-39 

Tested 

4 

350 

111  °F 

w/s 

KIl-G- 

25871 

Anti -Ice 
On 

None 

None 

Yes 

T-39 

Tested 

4 

350 

75*F 

Eyebrow 

Sffll 

Defog  on 

Stull 

Amount 

None 

Yes 

T-39 

Tested 

4 

350 

75*F 

c/v 

Heat  on 

None 

None 

Yes 

T-39 

Tested 

4 

350 

75*F 

Fixed 

Co-Pilot 

SH 

Heat  on 

None 

None 

Yes 

NOTE:  (1)  Max  speed  Is  restricted  below  10,000  fc^t  only 
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Base  Operations  Procedures 

Each  8ase  Operations  Office  and  each  assigned  operational  unit  should 
adopt  stringent  policies  regarding  the  safety  of  aircraft  entrusted  to 
their  control.  Since  50%  of  all  bird  strikes  happen  on  or  near  the 
airport,  the  responsibility  for  safeguarding  these  aircraft  from  poten¬ 
tial  bird  hazards  rests  with  their  command.  The  following  is  a  minimum 
procedure  that  should  be  adopted: 

Establish  schedules  for  runway  patrols  to  frighten  birds  from  the 
vicinity  of  runways  before  takeoffs  are  allowed.  Flight  Opera¬ 
tions  should  be  responsible  for  determining  that  patrol  schedules 
have  been  carried  out  and  become  knowledgeable  of  bird  patterns 
In  the  airdrome  area. 

Since  control  towers  are  arranged  so  that  360°  observations  are 
possible,  adopt  a  schedule  for  regular  observations  of  the  entire 
area  to  determine  the  presence  of  any  birds.  The  frequency  of 
observations  must  be  based  upon  local  conditions  but  should  be  at 
least  once  each  hour  during  routine  aircraft  traffic.  High- 
powered  field  glasses  may  be  required  to  spo»-  smaller  birds.  When 
birds  are  observed  notify  the  patrol  group  so  that  detailed  invest¬ 
igation  may  be  made.  When  birds  are  seen  in  the  vicinity  repeat¬ 
edly,  notify  the  Flight  Safety  and/or  Base  Operations  Officers  so 
that  appropriate  action  is  taken  for  removing  the  attractions  to 
these  birds.  A  soaring  vulture  rarely  will  be  seen  when  he  is  not 
looking  for  food.  When  a  vulture  Is  seen  soaring,  send  the  patrol 
or  z  helicopter  to  the  area  and  remove  any  dead  animals  found. 

Base  Operations  Offices  should  establish  contacts  with  local  Refuge 
Centers,  Audubon  Societies,  and  local  ornithologists  to  develop  a 
listing  of  birds  that  are  known  to  frequent  the  areas,  the  birds' 
migratory  habits,  and  the  effect  of  hunters  on  bird  movement  habits. 
Since  most  of  the  noted  bird  followers  will  also  be  aware  of  the 
occurrences  of  migrations,  this  type  of  information  should  be 


175 


obtained  on  a  regular  basis  so  that  flight  schedules  may  be 
adjusted.  Lakes,  streams,  and  water  holes  where  waterfowl  may 
concentrate  should  be  considered  when  flight  plans  are  developed 
so  that  the  flights  may  be  made  in  a  direction  to  avoid  heavy 
concentrations  of  birds. 

Radar  operators  should  never  tune  out  snow  on  their  radar  sets 
without  first  investigating  the  possibility  of  birds  being  the 
cause.  Thus,  the  presence  of  bird  movement  in  the  area  should  be 
justification  for  bird  alert  procedures  the  same  as  cyclones  and 
thunderstorms,  and  similar  avoidance  procedures  should  be 
Instituted.  Ultimately,  it  is  believed  that  the  efforts  of  the 
AFWL  in  the  development  of  radar  systems  for  tracking  migratory 
birds  will  result  In  the  development  of  a  complete  system  for  bird 
tracking. 

Flight  Procedures 

Many  changes  can  be  made  to  minimize  the  potential  hazards  of  bird  impact 
and  to  limit  potential  damage  to  aircraft  components.  It  Is  suggested 
that  Base  Operations  officers,  Flight  Safety  Officers,  Operational  Unit 
Commanders,  and  individual  Flight  Crews  adopt  procedures  that  will  mini¬ 
mize  these  dancers. 

Some  beneficial  procedures  Include  the  following: 

°  The  USAF  should  develop  training  films  with  sound  featuring  bird 
tests  that  have  been  conducted  or:  test  vehicles  by  the  Industry. 
The  films  should  show  the  results  of  successful  and  unsuccessful 
tests.  These  films  should  convince  all  Flight  Crews  that  the 
hazard  of  bird  collision  Is  severe  In  an^  aircraft. 

0  Flight  Safety  Centers  should  complete  the  listing  ct  aircraft 
evaluations  for  windshields  and  establish  speed  restrictions 
below  8000  feet  for  the  respective  aircraft. 
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It  should  be  mandatory  that  aircraft  equipped  with  strobe- 
lights  have  *he  lights  on  at  all  times  below  8000  feet  (AGL) 
altitude. 

It  should  be  mandatory  to  have  the  landing  lights  on  when  flying 
below  8000  feet  (AGL). 

Unique  criteria  should  be  established  for  each  aircraft  to  ensure 
the  most  rapid  penetration  of  bird-sensitive  altitudes.  This 
should  include  minimum  take-off  rolls  and  maximum  climb  angles 
to  at  least  3000  feet  altitude. 

Establish  cruise  altitude  above  8000  feet  minimum. 

For  low-level  training  missions,  the  flight  should  be  at  3000 
feet  (AGL)  minimum.  This  will  reduce  the  chance  of  bird  impact 
by  at  least  90%. 

For  other  low-level  training  missions,  particularly  during 
migratory  season  or  flying  In  areas  where  vultures  and  eagles 
are  prevalent,  the  flight  should  be  a  minimum  of  1000  feet  (AGL). 
This  will  reduce  the  chance  of  bird  impact  by  at  least  60% 

During  landing  approach  maintain  1000  feet  (AGL)  as  long  as 
possible.  This  will  reduce  chances  of  bird  Impact  by  at  least 
60%. 

Maintain  contact  with  control  towers  to  coordinate  bird  activi¬ 
ties  in  the  areas  in  which  the  flight  is  being  made. 

It  is  highly  recommended  that  mission  planning  for  all  training 
missions  and  particularly  for  oil  burner  routes,  include  complete 
coordination  with  the  AFWL  Environ! cs  group  and  others  regarding 
their  predictions  for  migratory  bird  movements  anticipated  during 
the  period  planned. 


o  Consideration  should  be  given  to  grounding  aircraft  that  are 
below  marginal  evaluation  for  windshield  bird  impact  resistance 
during  heavy  concentrations  of  medium  to  heavy  birds. 

o  Consideration  should  be  given  to  grounding  single-engine  aircraft 
during  heav>  concentrations  of  birds  around  the  base,  reducing 
the  likelihood  of  aircraft  losses  due  to  engine  ingestion. 

Flocks  of  small  songbirds  are  just  as  dangerous  as  large  birds, 
when  engine  ingestion  is  involved. 

o  it  is  recommended  that  any  and  all  successful  procedures  imple¬ 
mented  at  the  local  level  be  passed  on  through  appropriate 
Safety  Office  channels  so  that  other  Air  Force  units  may  benefit 
from  these  procedures. 

Conclusions  and  Pertinent  Findings 

1.  It  was  shown  in  Section  III  that  SOX  of  bird  strikes  on  USAF  Aircraft 
will  occur  during  the  takeoff/landing  phases  of  flight. 

2.  Of  the  178  expected  bird  strikes  per  year  during  the  takeoff/landing 
phases  this  number  potentially  could  be  greatly  reduced  by  the  Imple¬ 
mentation  of  bird  dispersion  techniques  around  the  vicinity  of  runways 
and  taxlways. 

3.  Since  1965  there  hhve  been  seven  fatalities,  five  major  injuries  and 
25  minor  Injuries  to  flight  crew  members  as  a  results  of  bird  strikes. 
Many  of  these  Injuries  could  have  been  prevented  had  the  aircraft 
windshields/windows  and  support  structure  been  designed  for  bird  im¬ 
pact  and  the  aircraft  placarded  for  safe  flight  speeds. 

4.  A  comparative  analysis  should  be  made  of  the  windshields/windows  in¬ 
stalled  In  the  current  inventory  of  USAF  aircraft  to  determine  ratings 
for  safe  flight  speeds  below  8000  feet  (AGL)  based  on  comparisons  to 
known  bird  Impact  tested  windshields. 
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5.  Flight  Safety  and  Flight  Operations  Offices  should  treat  waterfowl 
migrations  with  the  same  respect  as  thunderstorms,  and  every  effort 
should  be  made  to  schedule  flights  to  avoid  areas  where  flocks  may 
be  expected  during  migration  seasons, 

6.  Radar  operators  could  be  trained  to  recognize  bird  movements  on  their 
radar  sets  and  bird  alert  procedures  Instituted  the  same  as  weather 
reporting. 

7.  It  should  be  mandatory  for  USAF  flight  of  current  aircraft  in  Inven¬ 
tory  that  strobe  -  lights  and/or  landing  lights  be  on  at  all  times 
when  the  phase  of  flight  is  below  8000  feet  (AGL). 

8.  For  all  flights  and  low-level  training  missions,  unique  criteria  for 
current  USAF  aircraft  should  include  minimum  take-off  rolls  and  max¬ 
imum  climb  angles  to  3000  feet  altitude  (AGL),  and  maintain  flights 
above  3000  feet  altitude  to  reduce  the  chance  of  bird  impact  by  up¬ 
ward  of  90S. 

9.  Consideration  should  be  given  to  grounding  aircraft  that  are  below 
a  marginal  evaluation  for  windshields  and  single  engine  aircraft 
during  heavy  concentrations  of  medium  to  heavy  birds,  thus,  reducing 
the  chance  for  aircraft  losses. 

10.  During  all  flights,  it  is  recommended  that  the  flight  crews  maintain 
contact  with  control  towers  to  coordinate  bird  activity  in  areas  in 
which  the  flight  is  made. 

11.  Mission  planning  for  all  train:ng  missions  and  particularly  oil 
burner  routes  should  include  complete  coordination  with  the  AFWL 
Envlronlcs  group  and  others  regarding  predictions  for  migratory  bird 
movements. 
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SECTION  VI 


RECOMMENDED  DESIGN,  VERIFICATION  &  UNIQUE 
CRITERIA  FOR  WINDSHIELDS/CANOPIES 
AND  SUPPORT  STRUCTURE 

Section  II  established  that  CONUS  will  always  have  an  abundance  of 
birds.  Section  III  established  that  the  USAF  could  expect  356  aircraft/ 
bird  collisions  per  year.  Section  IV  established  that  up  to  33%  of 
birds  striking  an  aircraft  would  strike  the  crew  compartment  enclosure. 
In  this  section  criteria  were  developed  and  are  reconwended  for  the 
design  of  windshields/canopies  and  support  structure  to  protect  the 
flight  crews  and  to  assure  completion  of  the  intended  mission  of  the 
aircraft. 

The  successful  design  of  windshields/canopies  and  support  structure 
requires  that  the  following  details  be  covered: 

°  Critical  Parameters 
*  Adequacy  of  Existing  Design  Criteria 
o  Reconwended  Design  Criteria 
o  Verification  Testing 
°  Unique  Testing  Requirements 
°  Definition  of  Operational  Procedures 

Critical  Parameters 

Consideration  of  critical  parameters  requires  that: 

1.  The  crew  compartment  enclosure  of  all  heavier  than  air  aircraft 
(including  helicopters  and  rotor  craft)  shall  be  designed,  for 
bird  impact  resistance. 

2.  In  the  event  that  an  electrical  system  or  a  pneumatic  system 

is  -equired  for  anti-icing  or  de-icing  the  wlndchields/windows, 
the  maximum  obtainable  temperature  for  the  selected  system 
under  normal  operations  shall  be  selected  ar  a  temperature 
testing  requirement. 


Preceding  page  blank 
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3.  8000  feet  (AGL)  altitude  Is  critical  for  the  determination  of 
maximum  true  airspeeds  (closing  speeds)  of  the  craft. 

4.  There  are  many  conditions  of  flight  where  the  airspeed  Indi¬ 
cator  does  not  truly  reflect  the  actual  velocity  of  the  craft 
through  the  air  mass.  The  selection  of  airspeed  should  be 
the  maximum  true  airspeed  (closing  speed)  of  the  aircraft  up 
to  an  altitude  of  8000  feet  as  required  to  meet  the  most 
critical  mission  requirement.  The  speed  selected  shall  con¬ 
sider  any  and  all  variables  tending  to  indicate  an  airspeed 
less  than  the  actual  velocity  of  the  aircraft  through  Its  air 
mass.  In  sunmary,  the  Intention  is  to  establish  a  conservative 
velocity  value  for  design  and  testing. 

Certain  specifications  shall  be  considered  in  the  selection  of 
the  maximum  true  speeds  such  as  the  following: 

Air  Force  Systems  Command  Design  Handbook  DH  2-2,  Chapter  3. 

Basic  Aerodynamics  -  NAVWEPS  00-80T-8Q 

Military  Specifications: 

MIL-A-38137 

MIL-A-38138 

MIL-I-27851 

MIL-I-27197 

MIL-I-27279 

The  maximum  true  air  speed  of  the  aircraft  should  be  Increased 
by  60  knots  to  allow  for  the  speed  of  some  species  of  birds. 

5.  The  selected  design  weight  of  bird  shall  be  four  pounds. 

6.  The  crew  compartment  pressure  differential  of  the  aircraft 
shall  be  considered  to  be  that  required  to  provide  for  mission 
completion. 
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7.  The  selection  of  temperature  requirements  for  design  purposes 
shall  include  the  maximum  hot  temperature  extremes  specified 
by  MIL-STD-210.  When  applicable,  the  additive  effects  of  aero¬ 
dynamic  heating  shall  also  be  considered.  The  minimum  tempera¬ 
ture  shall  be  that  associated  with  cold  soaking  at  altitude  and 
low  ambient  temperatures,  as  offset  by  the  fact  that  some  birds 
will  migrate  and  fly  at  8000  feet  altitude  when  the  tempera¬ 
tures  for  a  standard  day  is  -15°F.  It  may  be  infrequent  but 
the  Canada  Goose  has  been  observed  to  start  migrations  at 
ground  temperatures  of  18°F  which  corresponds  to  -15°F  at  8000 
feet  for  a  standard  day. 

Adequacy  of  Existing  Design  Criteria 

Various  governmental  agencies  have  bird  impact  design  requirements  that 
are  not  totally  acceptable  for  the  design  of  future  USAF  aircraft, 
particularly  those  with  high  speed,  low-level  mission  requirements. 

A  study  was  made  of  these  known  requirements  and  the  comments  that 
follow  Indicate  the  main  Inadequacies. 

°  The  FAA  regulation  FAR  25,  paragraph  25.775,  Is  adequate  only  for 
transport- type  aircraft  that  have  been  designed  at  a  Vc  speed  above 
250  knoc?  sea  level  and  flown  at  the  conservative  speeds  imposed 
by  the  FAA  on  ccnmercial  aircraft  flying  below  10,000  feet  at  25C 
knots.  Further,  the  FAA  requirements  do  not  include  any  criteria 
for  hatches  and  latching  mechanisms. 

o  The  British  Civil  Airworthiness  Requirements  Document,  Section  D, 
Chapter  D4-2,  "Requirements  for  Commercial  Aircraft",  seems  to  be 
the  most  representative  of  what  might  be  expected  for  Air  Force 
flight  conditions. 

°  FAA  requirements  of  an  eight-pound  bird  Impact  on  empennage  struc¬ 
ture  is  excessively  severe.  Section  III,  Table  VII  shows  that  the 
frequency  of  empennage  strikes  Is  less  than  3%  of  all  strikes. 
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o  The  Air  Force  Systems  mand  Design  Handbook  DH2-1,  Chapter  3, 
on  3A1  (9),  dated  1  April  1973,  specifies  that  windshields  can  be 
made  bird  resistant  by  (1)  adding  vinyl  interlayers  and  (2)  heat¬ 
ing  the  assembly  to  reduce  its  brittleness. 

o  The  requirements  specified  by  USAF  MIL-A-008865  are  considered  to 
cover  requirements  only  very  briefly  and  should  be  expanded. 

o  U.S.  Navy  MIL-W-81752  (AS),  paragraph.  3. 6. 6,1,  states  that  the 
windshield  sha1-!  be  designed  to  withstand  inflight  collision  with 
a  four-pound  bird  at  1.75  times  the  stall  velocity  In  cruise 
configuration.  It  also  states  that  for  aircraft  which  will  be 
operated  extensively  at  low  altitude,  and  transpo  ^ -type  aircraft, 
impact  velocity  shall  be  the  normal  operating  speed  of  the  aircraft. 
Since  this  is  a  U.S.  Navy  specification,  it  is  suggested  that  it  be 
revised  as  follows:  The  windshield  shall  be  designed  to  withstand 
without  penetration  the  impact  of  a  four-pound  bird  when  the  velo¬ 
city  of  the  airplane  (relative  to  the  bird  along  the  airplane 
flight  path)  Is  equal  to  the  maximum  operational  true  airspeed  in 
knots  which  can  be  achieved  below  8000  feet. 

°  The  FAA  requirements  (AC  33-1 B)  for  Turbine  Engine  Certification 
Procedures  although  not  applicable  to  the  design  of  crew  compart¬ 
ments  should  be  considered  for  designs  of  engines. 

Recommended  Design  Criteria 

To  ensure  mission  success  the  following  design  criteria  for  all  future 
USAF  aircraft  (Including  helicopters  and  rotor  craft;  is  recommended. 

The  windshields,  windows,  canopy  and  all  supporting  structure  ahead  of 
and  protecting  the  pilot  and  crew  shall  be  designed  to  withstand,  without 
penetration,  the  Impact  of  a  four-pound  bird  when  the  velocity  of  the 
airplane  (relative  to  the  bird  along  the  airplane  flight  path)  Is  equal 
to  the  maximum  operational  true  airspeed  in  knocs,  plus  60  knots,  which 
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can  be  achieved  at  altitudes  up  to  8000  feet  with  the  most  adverse 
temperatures  selected  after  considering  the  maximum  hot  temperatures 
(including  aerodynamic  heating),  anti-icing  system  maximum  temperature, 
and  the  coldest  temperature  expected  on  the  windshields/windows  at 
8000  feet. 

Verification  Tests 

Unless  it  can  be  shown  by  analysis,  or  comparative  analysis  of  similar 
designs,  tests  shall  be  conducted  to  verify  the  following: 

1.  Each  transparency  located  in  the  front  view  of  the  airplane  or 
those  transparencies  located  where  critical  fragmentation  would 
injure  the  pilot  and  crew  shall  be  tested  at  the  location  of 
maximum  deflection  that  will  occur  on  Impact  at  temperature 
conditions.  Each  test  results  shall  show  that  the  critical 
fragmentation  Is  of  such  low  order,  not  to  cause  injury  to  the 
flight  crew,  the  loss  of  vision  area  shall  be  limited  to  50%, 
and  the  structural  damage  shall  not  prevent  the  mission 
completion. 

2.  Each  transparency  shall  be  tested  at  locations  of  maximum  stiff¬ 
ness  under  temperature  conditions  likely  to  occur  for  the  most 
extreme  cold  temperature  selected.  Each  tot  results  shal^  show 
that  the  critical  fragmentation  la  of  sufficiently  low  order  not 
to  cause  Injury  to  the  flight  crew,  and  that  structural  damage 
shall  be  a  minimum  to  allow  pressurization  to  15,000  feet  or 
mission  completion  altitude,  whichever  is  greatest. 

3.  Each  transparency  vertical  support  member  adjacent  to  a  trans¬ 
parency  shall  be  tested  at  Its  center  and  Its  intersection  with 
horizontal  members.  The  resultant  damage  shall  not  be  cause 
for  aborting  the  mission. 

4.  Each  transparency  horizontal  support  member  adjacent  to  the 
transparency  shall  be  tested  at  its  center  and  its  Intersection 
with  verti'  "  members.  The  allowed  damage  shall  not  be  cause 
for  aborting  the  mission. 
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5.  When  openable  hatches  or  openable  canopies  are  used  and  any 
edge  is  ahead  of  the  flight  crew,  all  tests  shall  substantiate 
that  deflections  or  failures  will  not  allow  solid  portions  of 
the  bird  to  enter  the  compartment  and  cause  injury  to  the 
flight  crew  or  prevent  the  pilot  and  crew  from  performing  their 
normal  duties.  The  allowed  damage  shall  not  be  cause  for 
aborting  the  mission. 

6.  All  tests  shall  substantiate  that  the  openable  hatches  or  open- 
able  canopy  latching  mechanism  will  not  be  damaged  to  the 
extent  that  crew  escape  is  restricted. 

7.  The  bird  weight  shall  be  a  minimum  of  4.0  pounds  and  the  pack¬ 
age  weight  shall  ho  additive  to  the  bird  weight. 

8.  Acceptable  critical  fragmentation  shall  be  defined  as  spalling 
of  the  transparencies  that  will  not  penetrate  the  skin  or  eyes 
of  the  flight  crew  unless  the  pilot  and  crew  are  required  to 
wear  visors. 

9.  In  cases  where  the  windshield  Is  heated  In  order  to  meet  the 
bird  Impact  requirements,  the  Flight  Manual  shall  contain  any 
instructions  for  the  necessary  safe  operation  of  the  heating 
system. 

10.  Bombers  and  fighters  will  not  be  allowed  spaed  restrictions  as 
a  result  of  testing. 

11.  All  other  aircraft  may  be  allowed  speed  restrictions  as  a 
result  of  testing.  The  Flight  Manual  shall  contain  any  instruc¬ 
tions  necessary  for  these  speed  restrictions.  In  the  event 
speed  restrictions  are  required,  the  maximum  true  air  speed 
(knots)  that  is  permissible  shall  be  stated  in  speeds  that  are 
readily  Identified  by  the  pilot  when  looking  at  instruments 
within  the  aircraft. 

The  pilot  and  crew  for  a  bomber,  attack,  or  fighter  aircraft  is  defined 
as  the  member (s)  of  the  crew  whose  functions  are  mandatory  to  the 
successful  completion  of  a  mission. 
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The  flight  crew  for  a  trainer  or  transport  aircraft  is  defined  as  the 
member  of  the  crew  whose  functions  are  mandatory  for  returning  t  (e 
aircraft  to  an  air  base. 


The  tests  outlined  above  will  result  in  success  or  failure  of  a  given 
design  within  conditions  noted,  To  minimize  future  failures,  one  alter¬ 
native  method  for  consideration  as  a  future  analytical  tool  is  discussed 

Metcalf,  Reference  39,  verified  the  relationship  between  the  bird  weight 
and  the  bird  "effective  diameter"  by  testing  and  recommended  the  follow¬ 
ing  equation  for  a  conservative  prediction  for  birds  weighing  up  to 
IS. 5  pounds. 

D  -  3.18  W1/3 

where  D  is  the-  effective  bird  dimension  in  Inches 

The  peak  impact  force  exerted  by  a  bird  striking  normal  to  a  structure, 
assuming  no  structural  deformation,  is  given  by  the  equation: 
r  21TWV2 

f*^b- 

2  7TU  V2 

F  "  C3)(j2.2)(3,18'wT73y 

F  =  .245  W2/3  V2 

where  V  is  in  feet  per  second 
or 

F  «  .705  W2^3  V2 
where  V  is  in  knots. 


,-sS 

Mitchell,  Reference  40,  idealized  this  situation  by  characterizing  birds 
in  order  to  arrive  at  a  realistic  estimate  of  the  peak  forces  associated 
with  a  bird  impact.  By  the  assumptions  Mitchell  made  in  his  report,  the 
following  equations  are  derived  in  three  modes: 
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Mode  1,  Bird  stationary 
F]  =  KW2/3  V22 

Mode  2,  Bird  flying  away  from  aircraft 
F2  =  KW2/3  (v2  -  Vl)2 


Mode  3,  Bird  flying  toward  aircraft 
F3  =  KW2/3  (V2  +  V])2 

where: 

W  is  bird  weight  in  (lbs) 

K  Is  a  dimensional  constant,  K  =  0.705 
V2  is  aircraft  TAS  (KTS) 

V1  is  bird  TAS  (KTS) 

F],  F2  and  F3  are  the  peak  impact  forces  in  (lbs) 

Computation  of  selected  bird  weights  and  aircraft  true  airspeeds  at 
impact  are  given  in  Table  XXXI.  It  is  obvious  that  by  doubling  the 
impact  speed  the  peak  impact  force  would  be  quadrupled.  However,  in 
order  to  establish  this  quadrupled  impact  force  relative  to  bird  weight, 
it  is  necessary  to  increase  bird  weight  by  a  factor  of  8.  A  one-pound 
stationary  bird  tested  at  400  knots  would  be  theoretically  equivalent  to 
an  eight-pound  stationary  bird  tested  at  200  knots  if  the  relationship 
between  the  bird  weight  and  the  bird  effective  diameter  is  not  considered. 
(See  Figure  64  and  Reference  38-40) 

The  response  of  an  aircraft  windshield/canopy  to  bird  impact  is  a  very 
complicated  problem.  The  peak  impact  force  as  established  by  Mitchell 
provides  the  force  fur  static  analysis  of  bird  impact.  A  study  incor¬ 
porating  the  elastic  and  inelastic  effects  of  the  Impacting  bodies  to 
the  wave  propagation  and  the  natural  response  of  windshields  subjected 
to  bird  impact  can  be  beneficial  to  the  establishment  of  design  criteria. 


TABLE  XXXI 


PEAK  IMPACT  FORCE  ASSUMING  SINUSOIDAL  VARIATION 
(1000  POUNDS) 


TRUE  AIRSPEED  Or  IMPACTING  AIRPLANE  (KNOTS) 

BIRD 

WEIGHT 

MOOE 

100 

200 

300 

400 

50C 

600 

700 

(LBS) 

0.25 

1 

2.80 

11.19 

25.18 

44.76 

69.94 

100.72 

137.09 

0.25 

2 

0.45 

5.48 

16.12 

32.34 

54.17 

81.58 

114.60 

0.25 

2 

7.16 

18.91 

36.26 

59.20 

87.74 

121.87 

161.60 

0.50 

1 

4.44 

17.76 

39.97 

/1. 06 

111.03 

159.88 

217.62 

0.50 

2 

0.71 

8.70 

25.58 

51.34 

85.98 

129.51 

131.91 

0.50 

3 

11.37 

30.02 

57.56 

93.98 

139.28 

193.46 

256.52 

0.75 

1 

5.82 

23.28 

52.38 

93.11 

145.49 

209.51 

285.16 

0.75 

?. 

0.93 

11.41 

33.52 

67.28 

112.67 

169.70 

238.37 

0.75 

3 

14.90 

39.34 

75.42 

123.14 

182.50 

253.50 

336.14 

1.00 

1 

7.05 

28.20 

63.45 

112.80 

176.25 

253.80 

345.45 

1.00 

2 

1.12 

13.82 

40. tl 

81.50 

136.49 

205.58 

288.77 

1.00 

3 

18.05 

47.66 

91.37 

149.18 

221.09 

307.10 

407.21 

1.50 

1 

9.24 

36.95 

83.14 

147.81 

230.95 

332.57 

452.67 

1.50 

2 

1.48 

18.11 

53.21 

106.79 

178.85 

269.38 

378.39 

1.50 

3 

23.65 

62.45 

119.73 

195.48 

289.71 

402.41 

533.59 

2.00 

1 

11.19 

44.76 

100.72 

179.06 

279.78 

402.83 

548.37 

2.00 

2 

1.78 

21.93 

64.46 

129.37 

216.66 

326.33 

458.39 

2.00 

3 

28.65 

75.65 

145.04 

236.81 

350.96 

487.49 

646.40 

2.50 

1 

12.99 

51.94 

116.88 

207.78 

324.66 

467.60 

636.32 

2.50 

2 

2.08 

25.45 

74.80 

150.12 

251.41 

378.68 

531 .92 

2.50 

3 

33.24 

87.79 

168.30 

274.79 

407.25 

565.68 

750.08 

3.00 

1 

14.66 

58.66 

131.98 

234.63 

366.61 

527.93 

718.56 

3.00 

2 

2.35 

28.74 

84.47 

169.52 

283.91 

427.62 

600.66 

3.00 

3 

37.54 

99.13 

190.05 

310.30 

459.88 

638.79 

847.03 

3.50 

1 

16.25 

65.01 

146.27 

260.03 

406.29 

085.06 

796.34 

3.50 

2 

2.60 

31 .3^ 

93.61 

187.87 

314.63 

473.90 

665.67 

3.50 

3 

41.60 

1U9.86 

210.62 

343.89 

509.66 

707.93 

938.70 

4.00 

1 

17.76 

71.06 

159.88 

284.24 

444.12 

639.54 

870.48 

4.00 

2 

2.84 

34.82 

102.33 

205.36 

343.93 

518.02 

’■>7.65 

4.00 

3 

45.48 

120.09 

230.23 

375.91 

557.11 

773.84 

1026.10 

5.00 

1 

20.61 

82. 4E 

185.53 

329.83 

515.36 

742.12 

1010.10 

5.00 

2 

3.30 

40.40 

118.74 

238.30 

399.09 

601.11 

844.36 

5.00 

3 

52.77 

139.35 

267.16 

436.20 

646.47 

897.96 

1190.68 

6.00 

1 

23.28 

93.11 

209.51 

372.46 

581.96 

838.03 

1140.65 

6.00 

2 

3.72 

45.63 

134.08 

269.10 

450.67 

678. 80 

953.49 

6.00 

3 

59.59 

157.36 

301.69 

492.57 

730.02 

1014.02 

1344.51 

7.00 

1 

25.80 

103.19 

232.18 

412.77 

644.95 

928.73 

1264.11 

7.00 

2 

4.13 

50.56 

148.60 

298.23 

409.45 

752.27 

1056.69 

7.00 

3 

66.04 

174.40 

334.34 

545.89 

809.03 

1123.77 

1490.10 

8.06 

1 

28.20 

112.80 

253.80 

451.20 

705.00 

1015.20 

1381.80 

8.00 

2 

4.51 

55.27 

162.43 

325.99 

545.95 

822.31 

’ 155. 07 

3.00 

3 

72.19 

190.63 

365.47 

696.71 

884.35 

1228.39 

1628.83 

MOOE  1:  BIRO  STATIONARY 

HOOE  2:  BIRO  FlYlaG  AMAY  FROH  AIRCRAFT  AT  SO  WOTS  TAS 
MOOE  3:  BIRD  FLYING  TOWAOS  AIRCMFT  AT  60  WOTS  7 AS. 
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PEAK  IMPACT  FORCE 


Unique  Testing  Requirements 

Many  times  it  will  be  virtually  impossible  to  avoid  scheduling  training 
missions  into  areas  free  of  bird  migrations.  To  insure  the  success  of 
thes?  missions  with  99%  confidence,  unique  testing  is  recommended  for 
the  following: 

].  It  must  be  shown  that  the  windshields,  windows,  canopies  and 
all  supporting  structure  ahead  of  and  protecting  the  pilot 
ard  crow  will  withstand  the  impact  of  an  eight-pound  bird  at 
a  maximum  operational  true  airspeed  in  knots,  less  60  knots, 
which  can  be  achieved  at  altitudes  up  to  8000  feet,  under 
temperature  conditions  noted  for  the  design  and  testing  of  a 
four-pound  bird  to  these  altitudes  within  the  range  of  cli¬ 
matic  conditions  selected  for  which  tne  aircraft  Is  to  be 
designed  that  kjII  allow  the  completion  of  the  Intended  mission. 

2.  At  the  selects  speed,  the  damage  shall  not  exceed  the  damage 
listed  In  the  verification  tests  for  a  four-pound  bird  unless 
authorized  by  the  Air  Force  during  testing. 

3.  The  selected  speed  shall  become  an  operational  limitation  on 
the  aircraft. 

The  development  costs  associated  with  launching  equipment  and  test 
samples  may  be  so  prohibitive  that  eight-pound  bird  verification  test¬ 
ing  is  Impractical.  Two  alternative  approaches  './ere  examined  based  upon 
an  energy  equivalence  assumption.  Verification  testing  of  a  qualified 
design  has  demonstrated  the  capability  of  that  design  to  absorb  the 
kinetic  energy  of  a  four-pound  bird  at  some  specific  relative  velocity. 
This  kinetic  energy  Is  expressed  by: 

when  w  3  bird  weight  in  pounds 

v  -  velocity  of  aircraft 
in  feet  per  second 
g  *  acceleration  due  us  gravity 


K£  *  w  v2 


If  it  is  assumed  that  the  specific  kinetic  energy  level  remains  con¬ 
stant,  the  equation  provides  a  cocMenient  means  of  defining  the  reduc¬ 
tion  of  velocity  required  with  ar;  Increase  in  bird  weight. 


In  order  to  keep  the  total  kinetic  energy  of  an  impact  to  a  constant, 
an  alternative  by  testing  a  four-pound  bird  in  lieu  of  an  eight-pound 
bird  may  be  expressed  as  follows: 

Kb  -  KEg  „  KE4 

where: 

KE4  b  1  m  v  2 
4  2  4  v4 


then: 


1 

2 


m8  V8 


1 

2 


( )  v42 

9 


Thus,  an  eight-pound  bird,  for  instance,  requires  that  *-he  impact  velo¬ 
city  be  reduced  by  a  factor  of  1.414.  This  assumption  is  depicted  in 
graphical  form  in  Figure  65. 

Conservatively,  two  approaches  ray  be  taken  to  verify  the  requirements 
for  an  eight-pound  bird. 

Approach  1 :  After  completion  of  tests  for  a  four-pound  bird,  rather 
than  test  with  an  eight-pound  bird,  additional  testing  may  be  made  with 
four-pound  birds  at  the  Increased  speed  equivalence  of  1.414  times 
the  velocity  selected  ■•or  a  fo^r-pound  bird. 
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RELATIVE  VELOCITY  OF  AIRCRAFT  TO  BIRO  —  KTS 
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FIGURE  65 


Kinetic  Energy  vs  Relative  Velocity  of  Aircraft 
to  Bird  for  Various  Bird  Weights 


is  recommended,  because  of  the  severity  of  such  an  increase  In  the 
forces  associated  with  the  increased  velocities,  that  the  test  results 
i/iould  verify  that  the  resultant  damage  will  not  be  injurious  to  the 
pilot  and  crew,  will  not  damage  the  windshield/canopy  and  support  struc¬ 
ture.  and  will  allow  the  flight  crew  to  complete  the  intended  mission 
under  lesser  flight  requirements.  Modified  flight  requirements  accept¬ 
able  to  both  USAF  and  contr?ctor,  should  be  established  at  the  conclu¬ 
sion  of  testing,  and  should  include  such  items  as  reduced  pressurization 
and  increased  noise  levels. 

Approach  2:  A  more  realistic  and  conservative  approach  would  be  the 
acceptance  of  the  test  results  for  a  four-pound  bird  and  placard  the 
aircraft  at  a  reduced  speed  to  meet  the  Intended  requirements  for  the 
impact  of  an  eight-pound  bird  by: 
letting 

V  =  V4 

v8 

As  illustrated  In  Figure  56,  assuming  that  the  accepted  aircraft  to  be 
540  knots  +  60  knots  *  600  knots,  then  following  the  directional  lines 
it  is  determined  that  the  equivalent  kinetic  energy  for  an  eight-pound 
bird,  the  speed  is  424  knots,  less  60  knots  is  equal  to  364  knots,  or 
the  maximum  placarded  speed  of  the  aircraft  when  flying  during  migration 
seasons  below  8000  feet  altitude. 

Definition  of  Operational  Procedures 

Production  type  aircraft  are  expected  to  be  In  the  USAF  Inventory  for 
many  years.  Oftentimes  the  background  information  pertaining  to  the 
design  and  tests  are  difficult  to  obtain.  It  Is  therefore  recormiended 
that  the  entire  test  results  be  Included  in  the  appropriate  Flight 
Manual  or  Crew  Operating  Manuals.  A  simplified  table  similar  to  that 
noted  in  Section  V,  Table  XXX  should  be  included  In  the  appropriate 
manual. 


The  test  results  for  an  eight-pound  bird  should  be  justification  for 

placarding  the  aircraft  for  reduced  speeds  when  flying  at  altitudes  of 

8000  feet  (AGL)  or  less  during  the  bird  migratory  seasons  of  the  year. 

Conclusions  and  Pertinent  Findings 

1.  Based  on  the  findings  of  this  study  It  was  determined  that  future 
heavler-than-air  aircraft  designs  Include  bird  impact  resistance 
design  requirements  for  the  windshields/canopies  and  support 
structure. 

Z.  When  heat  Is  an  anti-icing  requirement  for  any  transparency  In  the 
crew  compartment  tne  maximum  obtainable  temperature  shall  be  sele  ted 
as  a  test  verification  requirement  and  the  Flight  M»Tja1  shall  indi¬ 
cate  all  operational  requirements  when  heating  Is  required. 

3.  The  selected  design  bird  weight  shall  be  four  pounds  with  considera¬ 
tion  given  to  placarding  the  aircraft  for  speed  restrictions 
commensurate  with  requirements  for  a  six  and  eight-pound  bird  impact 
during  verification  testing. 

4.  The  selection  of  a  design  airspeed  should  be  a  maximum  true  airspeed 
(closing  speed)  of  the  aircraft  up  to  an  altitude  of  8000  feet  (AGL) 
as  required  to  meet  the  most  critical  mission  requirement.  This 
maximum  true  airspeed  should  also  be  increased  by  60  knots  to  allow 
for  the  flying  speed  of  some  species  of  birds. 

5.  Since  many  airspeed  Indicators  do  not  truly  reflect  the  actual  velo¬ 
city  of  the  craft  through  the  air  mass,  the  true  airspeed  selected 
shall  consider  any  and  all  variables  tending  to  indicate  an  airspeed 
less  than  the  actual  operational  velocity  of  the  craft. 

6.  The  adequacy  of  existing  U.S.  governmental  specifications  for  bird 
Impact  requirements  are  not  totally  acceptable  for  use  In  the  design 
of  future  USAF  aircraft  with  high  speed,  low-level  mission  requlre- 
rents . 


'i 


7.  Transport  type  aircraft  in  USAF  inventory  that  were  designed  and 

tested  to  FAA  -  FAR  25  for  bird  imp  :  requirements  are  generally  { 

considered  to  be  acceptable.  1 

8.  Since  less  than  3 %  of  all  bird  strikes  occur  on  the  empennage,  the  j 

FAA  requirement  for  an  eight-pound  bird  Is  excessive,  but  design  i 

consideration  should  be  given  toward  the  design  requirement  of  a  ! 

four-pound  bird  for  fail-safe  requirements  for  those  controls  that  I 

are  necessary  for  flight  safety. 

9.  The  FAA  requirements  (AC  33-1 B)  might  be  worthwhile  for  consideration 

for  the  designs  of  future  engines  and  engine  inlet  ducts.  ( 

t 

10.  Each  transparency  located  in  the  front  view  of  the  airplane  or  where  1 

located  that  critical  fragmentation  would  injure  the  pilot  ana  crew 

shall  be  tested  to  show  that  fragmentation  is  of  such  low  order,  not 
to  cause  injury  to  the  crew  and  the  loss  of  total  vision  area  shall 
be  limited  to  50%  and  structural  damage  shall  not  prevent  the  mission 
completion. 

11.  Test  results  shall  show  the  transparency  and  structural  damage  to  be 
a  minimum  to  allow  pressurization  to  15,000  feet  or  mission  comple¬ 
tion  altitude  whichever  is  greater. 

12.  Bombers  and  fighters  should  not  be  allowed  speed  restrictions  as  a 
result  of  testing  to  a  four-pound  bird  requirement. 

13.  All  other  aircraft  may  be  allowed  speed  restrictions  as  a  result  of 
testing  to  a  four-pound  bird  requirement,  and  consequently,  the 
Flight  Manual  shall  contain  flight  speed  restrictions  that  are  read¬ 
ily  identified  by  the  Pilot  when  looking  at  instruments  within  the 
aircraft. 

14.  During  any  series  of  bird  Impact  tests,  sufficient  data  should  be 
collected  for  subsequent  study  that  could  lead  to  the  establishment 
of  design  criteria  for  bird  impact  requirements  that  could  ultimately 
eliminate  the  need  for  extensive  bird  impact  verification  testing. 
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15.  Subsequent  studies  should  incorporate  the  elastic  and  inelastic 
effects  of  the  impacting  bodies  to  the  wave  propagation  and  the 
natural  response  of  windshields  subjected  to  bird  impact  for  the 
establishment  of  design  criteria. 

16.  It  is  recommended  that  the  verification  test  data  collected  for  any 
aircraft  to  be  summarized  and  incorporated  into  the  appropriate 
Flight  Manuals  for  use  by  the  using  commands  to  schedule  training 
missions  and  flight  speed  restrictions  when  required. 


SECTION  VII 


BIRD  STRIKE  ALLEVIATION  TECHNIQUES 

Bird  migratory  habits  and  survival  needs  have  been  well  documented  world¬ 
wide  by  ornithologists  and  others. 

In  Section  II  a  study  was  made  of  the  various  species  of  birds  that  have 
been  repeatedly  involved  in  aircraft/bird  incidents  in  CONUS. 

In  this  section  the  data  describing  various  methods  of  diverting  birds 
from  airports  were  analyzed  and  pertinent  studies  conducted  in  the 
following  categories: 

°  Airport/airfield  ecological  management 
°  Bird  dispersal  methods 

Airport/Airfield  Ecological  Management 

Birds  habitate  the  airfield  area  for  a  variety  of  reasons,  and  It  Is  very 
important  to  determine  what  they  are.  If  the  reasons  for  habitation  can 
be  eliminated,  the  airfield  will  be  unattractive  to  birds  and  a  large  part 
of  the  bird  hazard  will  disappear.  Some  of  the  reasons  are: 

(a)  To  obtain  food, 

(b)  To  obtain  shelter, 

(c)  For  safety, 

(d)  An  established  migration  route  across  the  airfield, 

(e)  To  obtain  nest  sites, 

(f )  Resting  or  loafing. 

If  edible  garbage  Is  deposited  or  left  in  an  accessible  place  or.  or  near 
airfields,  It  forms  an  obvious  attraction  for  birds.  Sometimes  a  munici¬ 
pal  garbage  dump  Is  situated  near  the  airfield;  or  tne  food  is  mad*  avail¬ 
able  by  only  discarded  portions  of  lunches.  Garbage  attracts  such  birds 
as  gulls,  starlings,  crows,  ravers,  and  sparrows.  (References  41,  42.  43, 
and  44) 


Preceding  page  blank 
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Earthworms  also  form  attractive  food  for  various  kinds  of  birds,  at 
night,  early  morning,  and  after  heavy  rain  has  caused  them  to  leave 
their  burrows  and  crawl  over  the  surface  of  the  ground  and  runway. 

8irds  that  are  attracted  by  earthworms  include  gulls,  American  robins, 
American  woodcock,  plovers,  starlings,  crows,  and  most  perching  birds. 
(References  41,  42,  43,  and  44) 

Small  bodies  of  water  are  apt  to  provide  a  variety  of  bird  foods,  in¬ 
cluding  small  fish,  tadpoles,  frogs,  insect  larvae,  other  invertebrates, 
pondweeds,  and  other  water  plants.  Consequently,  they  are  centers  of 
attraction,  not  only  for  ducks,  coots,  and  various  marsh  birds,  but 
also  for  kingfishers,  sandpipers,  plovers,  blackbirds,  and  American 
robins,  (References  41,  42,  43,  and  44) 

Insects  occur  on  every  airfield,  and  are  an  attractive  food  for  many 
birds.  Starlings,  American  robins,  meadowlarks,  bobolinks,  and  plovers 
are  birds  that  feed  commonly  on  insects  that  frequent  the  low  vegetation. 
Swallows,  swifts,  sparrow  hawks,  small  owls,  terns,  and  some  gulls  feed 
on  insects  that  fly  above  such  an  area. 

Seeds  are  common  bird  food,  much  sought  after  by  various  small  birds  and 
upland  game  birds.  Not  only  the  seeds,  but  grass  itself  -  leaves,  stems 
and  roots  -  is  eaten  by  some  birds.  (References  47  and  48) 

Predatory  birds  chiefly  short-eared  owls,  snowy  owls,  and  hawks,  are 
attracted  to  airfields  where  such  mammals  as  rats,  gophers,  chipmunks, 
and  rabbits  are  usually  numerous. 

Birds  often  seek  shelter  on  airfields  in  hangars  and  in  nooks  around 
other  buildings.  Some  find  sufficient  shelter  by  roosting  or  resting 
in  trees  or  shrubbery  on  the  aifisld.  (Reference  49) 

Birds  such  as  starlings,  house  sparrows,  and  swallows  nest  In  numbers  in 
or  around  buildings  on  an  airfield.  Pheasants  are  attracted  to  nest  in 
dense  growths  of  weeds,  grass  or  legumes.  Scattered  nests  of  other  birds 
are  sometimes  built  in  vegetation,  shrubs,  and  trees  on  airfields. 
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Safety  J.s  often  associated  with  shelter.  An  example  of  birds  seeking 

safety  without  shelter  Is  the  roosing  of  a  flock  of  gulls  cn  a  runway.  j 

There  they  feel  comparatively  safe,  because  they  have  a  clear  view  of 

I 

their  surroundings. 

It  has  been  observed  that  birds  sometimes  appear  on  an  airfield  chiefly 
at  the  time  of  migration  and  that  they  cross  it  with  little  or  no  stop-  * 

ping.  Apparently  the  airfield  happens  to  have  been  placed  on  an  estab-  I 

lished  migration  route  for  these  birds. 

Environmental  management  offers  the  best  methods  of  eliminating  the  : 

attractions  outlined.  Environmental  management  is  the  modification  o*  , 

the  airfield  with  the  aim  of  removing  or  cancelling  the  features  that 

attract  birds.  Before  undertaking  ar  actual  program  of  environmental 

management.  It  is  highly  important  to  have  an  ecological  survey  of  the 

area  made  by  a  trained  biologist  with  experience  in  such  matters.  He 

will  submit  those  recommendations  that  In  his  opinion  are  feasible  and 

meet  the  needs  of  the  individual  situation. 


In  examining  the  recomnendatlons,  care  should  be  taken  to  decide  prior¬ 
ities  with  the  biologist.  For  example,  in  one  area,  cleaning  a  clogged 
drainage  ditch  might  be  more  important  than  cutting  down  trees,  while  in 
another  area  the  reverse  would  he  true  because  of  the  species  of  bird  in 
the  area. 

Garbage  Is  a  never-ending  problem.  The  quantity  discarded  is  increasing 
and  acceptable  areas  for  dumping  are  becoming  scarcer.  It  is  strongly 
reconmended  that  dumps  should  be  at  [east  four  (d)  miles  from  an  air¬ 
field.  It  would  be  well  to  consult  a  biologist  before  locating  the  dump. 

If  a  dump  must  be  present,  it  and  any  body  of  water  should  be  on  the 
same  side  of  the  airfield. 

Earthworms  are  particularly  hardy  and  are  not  easily  poisoned  by  material 
that  can  safely  be  used  on  large  areas.  Where  earthworms  are  present,  they 
ccme  to  the  surface  at  cert- in  times,  travel  along  the  grassed  areas  and 


201 


reach  the  paved  runways.  Some  tests  in  which  "worm  traps"  are  placed 
along  the  sides  of  the  paved  runways  to  prevent  the  worms  from  reaching 
the  pavement  have  been  reported.  How  effective  these  traps  have  been  is 
not  known.  (References  41,  42,  and  43) 

Surface  water  should  be  as  little  in  evidence  as  possible.  Drains?- 
ditches  tend  to  clog  with  vegetation  or  eroded  soil,  the  flow  of  water 
is  impedec,  and  insect  aquatic  life  flourishes.  The  ditches  should  be 
cleared  at  regular  intervals  and  so  graded  that  the  water  will  run  off 
as  rapidly  as  possible.  Where  practicable,  the  situation  can  be  greatly 
improved  by  replacing  the  ditches  with  buried  drain  pipes. 

Insects  such  as  grasshoppers,  beetles,  caterpillars,  and  other  larvae 
should  be  killed  by  spraying  at  suitable  Intervals.  Advice  should  be 
obtained  from  the  USDA  or  o'l.er  agricultural  specialists  on  spray 
material,  dosage,  and  safety  precautions. 

Seeds,  wild  or  cultivated,  should  be  eliminated.  Farm  crops  often 
attract  birds  to  an  airfield.  Large  areas  of  the  airfield  are  sometimes 
rented  to  farmers.  From  the  view  of  controlling  birds,  it  Is  desirable 
that  crop  leases  not  be  permitted.  If  such  leases  are  permitted,  every 
effort  should  be  made  to  specify  the  crops  which  are  acceptable.  Crops 
such  as  cereal  grains  and  corn  (maize)  attract  birds.  Regardless  of  the 
crop  selected,  it  should  be  remembered  that  cultivation  of  the  soil 
exposes  worms  and  Insects  which  attract  birds.  The  seeds  of  some  weeds, 
such  as  ragged,  pigweed,  and  chickweed  are  very  attractive  to  birds. 

The  biologist  will  advise  ?s  to  the  weeds  that  cannot  be  tolerated. 
(References  41,  47,  and  48) 

Mammals,  as  such,  do  not  necessarily  present  a  hazard  to  aircraft.  How¬ 
ever,  such  mammals  as  mice,  rabbits,  ground  squirrels,  etc.,  are  fre¬ 
quently  found  on  airfields,  and  are  eagerly  sought  by  predators.  The 
only  safe  procedure  is  to  remove  the  attractions  that  encourage  the 
presence  of  the  mammals. 
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Trees  provide  food,  protection,  and  nesting  sites  for  birds  and  serve  as 
lookout  perches  for  predatory  birds.  Trees  should  be  cut  back  from  the 
runways  or  taxiways  to  a  distance  of  at  least  600  feet. 

It  is  very  difficult  to  deflect  birds  from  a  traditional  migration  route 
that  has  been  in  use  for  centuries.  If  the  hazard  of  such  a  route  is 
sufficient  to  justify  its  modification,  the  attempt  can  be  made  by  a 
shotgun  patrol  to  frighten  the  birds  into  adopting  a  new  flightline. 

Ground  cover  on  and  around  airfields  is  very  important.  Grass  requires 
fertile  soil  and  worms  thrive  in  fertile  soil.  There  are  many  airfields 
where  the  soil  is  of  poor  quality  and  the  use  of  ordinary  grasses  is  not 
satisfactory.  There  is  a  need  for  plants  to  bind  the  soil,  withstand 
vehicle  traffic  and  discourage  the  presence  of  birds.  If  grass  is  used, 
it  should  be  cut  to  a  height  just  sufficient  to  inconvenience  the  birds. 
The  most  desirable  height  is  probably  4  to  7  inches.  (References  41,  50, 
and  51) 

Building  design  on  and  near  airfields  should  be  given  consideration. 
Architects  and  construction  personnel  are  often  not  familiar  with  the 
habits  of  birds  and  as  a  result,  frequently  provide  Ideal  nesting 
places  in  new  construction.  Buildings  should  be  designed  with  a  minimum 
number  of  holt‘  and  recesses. 

Orar.ge  lights  for  runway  lighting  attract  approximately  92%  less  insects 
and  spiders  than  white  lights  of  equal  visibility  to  humans.  The 
International  Civil  Aviation  Organization  has  a  requirement  that  white 
lighting  must  be  used,  but  the  rationale  for  this  requirement  could  be 
re-examined.  (Reference  54) 

Bird  Dispersal  Methods 

In  attempting  to  disperse  birds,  it  should  be  remembered  that  birds  have 
chosen  rn  area  because  It  meets  their  needs.  The  removal  of  basic  attrac 
tions,  such  as  food,  and  nesting  sites  has  already  been  discussed,  but 
there  are  still  other  attractions,  such  as  loafing  places,  that  cannot 
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easily  be  removed,  it  is  therefore  necessary  to  use  some  mtthcd  of  dis¬ 
persal  which  will  drive  away  the  remaining  birds.  The  following  dispersal 
methods  have  been  used  with  varying  degrees  of  success: 

a.  Falconry  was  first  practised  at  Royal  Naval  Air  Station, 
Lossiemouth,  in  Scotland,  (References  45  and  46)  This  air 
base,  located  in  a  bird  rich  area,  was  recording  some  two  bird 
strikes  every  month  when  three  falcons  were  acquired  and  trained 
by  falconers  to  form  an  anti -bird  flight. 

This  medieval  method  of  achieving  supersonic  safety  soon  proved 
quite  promising,  although  certain  limitations  became  apparent. 
Falcons  are  not  true  all-weather  fighters;  they  do  not  operate 
at  night,  and  only  with  great  difficulty  in  fog  conditions  and 
winds  of  more  than  30  knots.  Furthermore,  their  performance 
degrades  during  the  moulting  period. 

The  presence  of  a  falcon  is  sufficient  to  drive  away  many  bird 
species  even  though  the  falcon  does  not  directly  attack  the  birds. 
Peregrine  Falcons  (Falco  peregrinus),  Gyfalcons  (Falco  rusti- 
colus),  and  Goshawks  (Accipiter  gentilis)  have  been  trained  and 
used  with  some  success.  The  falconer  must  be  supplied  wirh  a 
radio-equipped  vehicle  to  provide  mobility  and  maintain  control 
tower  communications. 

The  falcon  may  soon  be  a  rare  bird.  The  American  Peregrine 
Falcon  (Falco  peregrinus  anatum),  now  considered  extinct,  has 
been  decimated  by  widespread  applications  of  ODT.  This,  and 
other  reasons  discourage  the  use  of  this  bird-scaring  technique. 
(Reference  7) 

b.  Distress  calls  is  the  term  commonly  used  to  describe  the  sounds 
emitted  by  a  bird  under  different  conditions  of  stress.  They 
have  also  been  called  among  others,  warning  calls,  ?.nd  agony 
calls.  In  the  simplest  form,  the  bird  Is  persuaded  to  give  a 
distress  call.  The  call  Is  recorded  on  magnetic  tape,  and 
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played  back  through  a  loudspeaker  to  drive  away  birds  of  that 
species.  If  the  call  is  correct  and  is  played  back  over  suit¬ 
able  equipment,  good  results  can  be  obtained  in  dispersing 
birds  by  this  method.  The  best  means  of  playback  is  to  instal" 
the  speaker/speakers  on  the  roof  of  a  vehicle  and  bring  the 
vehicle  to  the  habitated  area  before  broadcasting  the  distress 
call.  P'.e  speakers  should  have  a  power  of  about  50  watts 
and  a  frequency  response  up  to  at  least  20,000  hertz  (C.P.S.) 
without  undue  distortion.  (References  41,  45,  and  49) 

Pyrotechnic  devices  are  defined  as  fast  burning  or  explosive 
devices  used  to  scare  the  birds.  They  are  found  in  many  forms 
such  as  firecrackers,  flares,  rockets,  and  shell -crackers. 

Some  airports  utilize  a  shotgun  (or  special  firearm)  firing 
special  ammunition  such  as  shell -crackers.  Shell -crackers 
have  a  superficial  resemblance  to  ordinary  shotgun  shells,  but 
each  cartridge  contains  a  small  explosive  charge  which  explodes 
loudly  at  a  predetermined  distance. 

Automatic  acetylene  exploders  are  machines  that  ignite  acetylene 
gas  to  produce  loud  explosions  at  regular  intervals.  Acetylene 
is  generated  by  dripping  water  on  calcium  carbide  or  supplied 
from  a  tank  of  compressed  acetylene  gas.  These  exploders  work 
well  with  certain  species  of  birds. 

Two  kinds  of  flares  have  been  found  effective  -  those  which  are 
fired  from  a  Verey  pistol  and  those  which  have  been  developed 
for  personnel  use.  The  latter  are  usually  fired  from  a  pen- 
type  gun  carried  in  a  pocket.  The  range  of  these  flares  is 
usually  less  than  that  of  shell -crackers.  (References  41  and 
49) 

Live  ammunition  may  be  used  to  remove  resident  birds  such  as 
pheasants  and  partridge,  however,  the  hazards  Involved  in  the 
use  of  live  ammunition  are  obvious.  (Reference  41) 
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d.  Trapping  of  many  birds,  such  as  pigeons,  owls,  hawks,  and 

crows,  can  be  accomplished  more  readily  than  they  cart  be  dis¬ 
persed.  (Reference  41) 

The  costs  of  environmental  management  may  appear  to  be  excessive.  P t 
Boston,  a  commercial  aircraft  accident  in  1960  was  caused  by  bird  1n- 
jestion,  and  resulted  In  the  loss  of  60  human  lives.  In  the  first  test 
cases,  court  awards  have  exceeded  $100,000  for  each  lost  life.  With  the 
exception  of  engine  bird  Injesticn,  take-off  and  landing  strikes  of  civil 
aircraft  may  not  be  hazardous  to  human  life,  but  they  do  result  in  a 
variety  of  expenses  to  the  airlines.  One  airline  reported  75  engine 
changes  due  to  bird  strikes  in  2-1/2  years  of  flying.  (Reference  33) 

Some  modern  jet  engines  cost  approximately  one  million  dollars. 

Each  year  the  United  States  Air  Force  spends  millions  of  dollars  to  re¬ 
pair  or  replace  aircraft  that  have  collided  with  birds.  (Reference  54) 

The  U.S.A.F.  Office  of  Scientific  Research  estimated  the  annual  cost  to 
repair,  and  replace  aircraft  parts  damaged  by  bird  strikes  at  10  million 
dollars.  (Reference  7)  However,  dollar-costs  and  man-hours  do  not 
accurately  reflect  the  magnitude  of  this  problem.  They  fail  to  take  into 
account  the  delays,  jettisoned  fuel,  emergency  landings  with  its  atten¬ 
dant  hazards  and  time  the  aircraft  is  out-of-service.  (Reference  53) 

The  U.S.A.F.  has  a  group  of  bird  experts  working  on  a  program  called 
Bird-Aircraft  Strike  Hazard,  or,  appropriately,  BASH.  Experienced 
Biologists,  Zoologists,  and  Ornithologists  operate  out  of  the  Ecosystems 
Technology  Section  of  the  Air  Force  Weapons  Laboratory  (AFWL)  at  Klrtland 
AFB,  New  Mexico.  This  Section  Is  working  on  methods  of  reporting  and 
forecasting  bird  movements,  equipment  for  diverting  birds  away  from  air¬ 
craft,  and  procedures  for  keeping  birds  away  from  airfields.  (Reference 
52)  Their  efforts  should  be  closely  monitored  and  their  recommendations 
followed  to  reduce  the  bird  population  around  airfields. 

Modern  techniques  of  design  and  management  can  place  Civilian  and  Military 
aircraft  In  the  same  skies  as  millions  of  birds  and  reduce  the  probability 
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of  an  alrcraft/bird  impact.  Many  ecological  and  mechanical  methods 
of  bird  control  can  be  Implemented  with  less  financial  impact  than  that 
involved  in  the  repair  of  high  performance  aircraft. 


Conclusions  and  Pertinent  Findings 

1.  Ecological  management  offers  the  best  me^iods  to  reduce  the  bird 
population  on  and  around  airfields. 

2.  As  noted  in  Section  III,  approximately  75?  of  the  worldwide  bird 
strikes  involving  commercial  carriers  and  approximately  50%  of  the 
bird  strikes  on  M.S.  military  aircraft  occur  or  or  near  the  airport. 

3.  Airports/airfields  should  be  made  as  unattractive  to  birds  as 
possible  by  eliminating  attractions  such  as  food,  shelter,  nesting 
sites,  water,  etc. 

4.  Bird  dispersal  methods  such  as  distress  calls,  pyrotechnic  devices, 
falconry,  etc.,  should  be  utilized  to  drive  birds  from  airfields. 

5.  The  Ecosystems  Technology  Section  of  the  AFWL  at  Kirtlana  AFB, 

New  Mexico, should  be  consulted  for  reeonmendations  and  methods  to 
reduce  the  bird  population  on  and  around  airfields. 

6.  Proper  design  can  make  airfield  structures  unusable  by  birds. 
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SECTION  VIII 


BIRD  STRIKE  AVOIDANCE  TECHNIQUES 

It  was  shown  In  Section  II  that  over  20  billion  birds  representing  600 
species  were  regulary  found  in  CONUS. 

In  Section  III  it  was  shown  that  11.56%  of  the  USAF  aircraft/bird  inci¬ 
dents  between  1965  and  1972  were  on  the  windshields/canopies  and  over 
30%  of  the  strikes  were  on  the  engines.  Bird  strikes  at  either  location 
could  result  in  the  loss  of  both  flight  crew  and  aircraft.  Further  it 
was  shown  that  the  USAF  had  lost  seven  aircraft  since  1964. 

In  Section  IV  it  was  determined  that  the  USAF  could  expect  356  bird 
strikes  per  year.  Of  these  strikes  at  least  29.4  strikes  can  be  expect¬ 
ed  on  the  windshields/canopies  and  support  structure. 

The  greatest  hazards  to  aircraft  are  the  swans,  geese,  and  ducks  during 
mgatory  seasons;  vultures  scaring  In  search  of  food;  and  flocks  of 
birds  that  can  cause  engine  failures  doe  to  Ingestion. 

There  are  several  systems  that.  If  Implemented,  would  reduce  the  fre¬ 
quency  of  all  bird  strikes.  Thus  the  frequency  of  bird/aircraft  colli¬ 
sions  Involving  the  most  dangerous  birds  would  also  be  reduced. 

This  section  summarizes  the  data  collected  that  pertained  to  the  reduc¬ 
tion  of  bird  hazards  to  aircraft  through  the  use  of  avoidance  systems 
and  procedures. 

Pertinent  details  were  selected  for  study  In  the  following  categories: 

°  Radar  studies  of  bird  migrations  and  bird  movements  In  North 
America. 

0  Aircraft  lighting  systems  for  bird  hazard  reduction. 

#  Microwave  radiation  systems. 
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Radar  Studies  of  Bird  Migrations  and  Bird  Severn) ts  In  North  America 

Ornithologists,  the  Audubon  Society  and  others  have  used  various  radar 
units  as  tools  to  study  bird  Migrations  since  the  introduction  of  radar 
systems.  During  the  past  two  decades  many  studies  have  been  undertaken 
to  determine  the  exact  migratory  routes,  weather  conditions  for  migra¬ 
tion  and  other  pertinent  factors  concerning  various  species  of  birds. 

Such  studies  serve  a  multitude  of  purposes  including  the  establishment 
of  allotments  of  birds  by  areas  for  hunters  and  the  development  of  air- 
craft/bird  hazard  warning  systems. 

Subsequent  paragraphs  will  briefly  describe  some  of  these  studies  per¬ 
taining  to  the  North  American  continent,  the  results  of  the  studies  and 
the  radar  systems  used.  Reference  14,  Kuhring  initiated  radar  studies 
of  bird  movements  in  1953.  The  significant  Item  that  led  him  to  com¬ 
mence  these  studies  originated  with  the  belief  that  the  radar  phenom¬ 
enon  known  as  'angels"  had  been,  in  large  part,  echos  from  a  single 
bird  or  flocks  of  birds.  In  Canada  it  was  believed  that  "birds  fly  the 
pressure  patterns  during  migration.  For  instancy,  in  the  northern 
hemisphere,  winds  tend  to  move  clockwise  around  a  high  pressure  area. 
Birds  migrating  southward  in  the  autumn  usually  do  so  with  a  north  wind, 
flowing  down  the  east  cide  of  a  high  pressure  area.  They  are  very  sel¬ 
dom  found  moving  south  against  the  south  wind  on  the  west  side  of  a 
high  pressure  area.  The  reverse  holds  true  for  the  spring  migration 
when  the  birds  are  moving  north."  Kuhring  set  out  to  prove  these  theories 
by  setting  up  a  radar  console  In  1963  at  the  Toronto  airport  and  used 
time  lapse  movies  to  make  the  flow  and  direction  of  bird  movement  more 
evident.  Photographs  covering  300  hours  were  taken  during  October  1963 
mostly  at  night.  The  results  Indicated  that  radar,  time  lapse  movies 
and  the  weather  map  could  bs  combined  to  provide  prediction  methods  for 
movements  of  local  and  migrating  birds.  In  1964  the  program  was  expanded 
to  cover  the  entire  2-1/2  month  autumn  migrations  with  camera  set-ups 
at  eleven  radar  stations,  seven  military  and  four  civilian.  The  program 
was  expanded  again  1r<  1965  to  Include  eighteen  radar  stations  located 
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between  Quebec  and  Vancouver  to  cover  the  spring  migrations  of 
birds  returning  from  the  bn /ted  States.  For  these  programs  the  cameras 
were  operated  22-1/2  hours  per  day,  each  camera  using  200  feet  of  16  nm. 
film.  Kuhring  pointed  out  that  the  intended  use  of  movies  was  to  provide 
a  record  from  which  ornithologists  could  undertake  studies  of  the  move¬ 
ments  and  identification  of  the  bird  species.  A  24-hour  film  can  be 
shown  in  six  minutes.  The  delay  in  the  development  of  special  film  makes 
it  unavailable  for  immediate  operational  use.  However,  the  Scan  Conver¬ 
sion  radar  presentation  had  a  long  decay  period  for  echoes,  and  bird 
(Kovement  could  be  detected  without  the  use  of  a  camera. 

Kuhring  concluded  from  these  studies  that  the  work  done  could  be  of  con¬ 
siderable  value  to  Air  Traffic  Control.  Some  inportant  findings  of  his 
studies  were: 

1.  During  September  large  flocks  (70,000  to  100,000)  of  broad 
winged  hawks  have  been  observed  on  radar  riding  the  thermals 
across  the  approaches  to  Toronto  and  London.  Ontario,  airports 
at  heights  of  4,000  to  10,000  feet. 

2.  Major  flights  of  geese  have  been  followed  from  one  radar  region 
to  the  next. 

3.  In  the  western  foothills  several  major  flight  routes  i.re  becom¬ 
ing  evident,  including  one  where  birds  fly  through  the  mountain 
passes,  as  well  as  over  the  mountains  on  their  way  to  the 
Pacific. 

4.  Bird  strikes  reported  by  pilots  can  usually  be  detected  on  radar 
film  if  a  strike  occurs  within  radar  range.  Two  examples  of 
this  occurred  In  the  same  region  on  the  same  day  in  October. 

One*  a  T33,  had  collided  with  a  Canada  Goose.  The  other,  a 
0C-S,  collided  with  a  duck.  Both  incidents  were  shown  clearly 
on  the  radar  film  giving  an  indication  of  the  type  of  echo  for 
these  bird  species. 
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Blokpoel  and  Desfosses  described  their  findings  as  part  of  this  initial 
program  in  Reference  55.  They  describe  the  filns  made  from  the  Plan 
Position  Indicator  (PPI)  scope  attached  co  a  ?3-cm.  Air  Traffic  Control 
radar  at  Calgary  International  Airport.  The  films  taken  showed  air 
traffic,  bird  movements,  ground  traffic  (vehicles  on  the  highway  to 
Edmonton),  "weather"  and  sometimes  ground  clutter.  They  found  that  bird 
movements  could  be  classed  as  migratory  and  locsl.  Migration  was  usually 
a  long-range  movement  often  covering  a  large  . a  of  the  scope.  Local 
movements  were  of  short  duration  and  of  limited  range  covering  only  a 
small  part  of  the  scope.  Local  movements  varied  in  intensity,  shape  and 
behavior.  Those  to  or  from  a  roost  area  were  classed  as  "roost  movements". 
The  local  birds  identified  were  starlings  that  seined  to  roost  about  5.5 
to  6.5  n.  mi.  south  of  the  radar  site.  The  early  morning  dispersals 
began  about  30  minutes  before  sunrise  and  lasted  t-  proximate ly  30  minutes. 
The  morning  dispersal  showed  on  the  radar  screen  as  one  or  more  expanding, 
concentric,  ring-shaped  echoes  or  as  one  or  a  series  of  arc-like  echoes. 

The  maximum  distanc®  traveled  was  approximately  24  n.  mi.  The  return 
flights  were  observed  generally  from  one  to  two  hours  before  sunset,  to 
one  hour  after  sunset  and  were  less  distinctive  consisting  of  echoes 
converging  toward  and  disappearing  at  one  spot  on  the  radar  screen.  The 
birds  disappeared  on  October  23.  During  the  spring  of  1965,  dispersal 
movements  were  harder  to  detect  than  during  the  previous  fall.  No  return 
movements  were  observed. 

Blokpoel  discusses,  In  Reference  56,  the  aim  of  Operation  Bird  Track  for 
the  development  of  a  system  for  forecasting  the  intensity  of  bird  nocturnal 
fall  bird  migration  over  the  area  aroimd  the  Canadian  Forces  Base  Cold 
Lake,  Alberta  (54°  24'  N  latitude,  110°  17'  W  longitude)  using  the  local 
weather  forecasts  as  a  basis. 

Detailed  weather  data  were  obtained  from  the  Base  Meteorological  Office 
including  predicted  wind  direction  at  ground  level,  3,000  feet  and  5,000 
feet,  pressure  tendency,  sky  cover  and  pracip  ,ation.  These  data  were 
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used  to  make  dally  bird  Intensity  forecasts  for  the  period  1900  -  0500 
hours  MST.  from  16  September  through  16  October  1968.  The  same  method 
was  used  to  make  "post  predictions"  using  the  actual  weather  conditions 
rather  than  the  forecast  weather.  The  migration  data  were  obtained  by 
taking  time  lapse  movies  of  the  PPI  scope  (range  85  miles)  of  a  23  cm. 
surveillance  radar  located  two  miles  NE  of  CFB  Cold  Lake.  The  intensity 
of  an  event  was  established  on  an  overall  Intensity  scale  of  0  to  8  for 
this  experiment  even  though  the  RCAF  was  interested  only  in  intensities 
greather  than  five.  He  based  his  forecasts  of  the  overall  intensity  of 
nocturnal  movements  considering  the  weather  factors  noted  in  Table  XXXII. 

TABLE  XXXII 

WEATHER  FACTORS  ‘JSEO  TO  FORECAST  THE  INTENSITY  OF 
NOCTURNAL  FALL  MIGRATION 
AROUND  COLD  LAKE,  ALBERTA  -  1968 


FAVORABLE 

NEUTRAL 

UNFAVORABLE 

Direction  of 
ground  wind 

W-N  or 

calm  (0-3  m.p,h.) 

N-E  and  S-W 

E-S 

Direction  of 
wind  at  3,000  ft. 

W-N 

W-E  and  S-W 

E-S 

Direction  of 
wind  at  5,000  ft. 

W-N 

N-E  and  S-W 

E-S 

Pressure  tendency 

rising 

no  clear  tendency 

falling 

Cloud  cover 

scattered 

clouds 

clear  sky 

thick,  extensive 
layer(s)  of  over 
cast  or  fog 

Precipitation 

no  precipi¬ 
tation 

scattered,  light 
showers 

extonsive,  heavy 
precipitation 

i 

» 

i 

I 

He  used  the  following  guidelines: 

1.  If  all  weather  factors  are  neutral  the  migration  will  be  of  average 
intensity.  If  most  weather  factors  are  favorable  (or  unfavorable), 
the  intensity  of  migration  will  be  above  (or  below)  average. 
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maximum  (or  minimum)  intensity  occurring  when  all  weather  factors 
are  favorable  (or  unfavorable).  If  some  weather  factors  are  favor¬ 
able  and  others  unfavorable,  they  may  "neutralize"  each  other  in 
which  case  migration  will  be  of  average  intensity. 

2.  When  all  or  most  weather  factors  have  been  unfavorable  for  three 
consecutive  nights,  their  Influence  decreases;  in  other  words  the 
birds  start  to  fly  under  unfavorable  conditions  in  numbers  greater 
than  usual. 

3.  In  October,  when  all  or  most  weather  factors  have  been  favorable 
for  two  or  three  nights,  the  number  of  migrating  birds  decreases 
on  successive  nights  even  though  the  fayorable  weather  conditions 
continue. 

On  an  hourly  basis,  the  accuracies  of  the  post  predictions  for  the 
periods  16  September  -  1  October  and  1-17  October  (77  and  92  percent) 
were  higher  than  those  forecast  for  the  same  periods  (63  and  76  percent). 

Blokpoel  discusses  (Reference  57)  the  progress  of  Operation  Bird  Track 
*or  the  years  1964  through  1969.  The  Initial  objective  of  Operation 
Bird  Track  was  tc  Investigate  the  volume  and  pattern  of  bird  migrations 
across  Canada.  Radar  surveillance  was  considered  the  best  method 
because  large  areas  could  be  covered  effectively  and  ontlnuously  for 
little  cost. 

The  scale  that  was  adopted  for  the  density  of  bird  echoes  was  arbitra¬ 
rily  established  as: 


Echo  Density 
0 
1 
2 

3 

4 


Migration  Den si tv 


None  or  almost  none 


Very  light 
Light 

Light  -  medium 
Medium 
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Continued 


Echo  Density 

5 

6 

7 

8 


Migration  Density 
Medium  -  heavy 
Heavy 

Very  heavy 
Extremely  heavy 


A  series  of  nine  pictures  were  used  to  determine  the  echo  density  for 
individual  observances  on  the  radar  scopes. 

The  data  obtained  at  Cold  Lake  yielded  no  results  regarding  the  size  of 
the  flocks  or  the  heights  of  the  migrations.  However, the  altitudes 
were  successfully  studied  during  1968  and  1969  with  an  M33C  Tracking 
Radar  at  the  Primrose  Lake  Evaluation  Range,  about  30  miles  north  of 
CFB  Cold  Lake.  Whereas  the  migration  predictions  were  made  by  three 
different  people  during  1969  at  Cold  Lake  (and  usually  in  a  hurry),  the 
post  predictions  were  made  more  leisurely.  Thus,  the  post  predictions 
had  a  high  accuracy  (88X  of  512  hours,  87X  of  all  52  nights  and  82X  of 
the  22  nights).  These  accuracy  levels  that,  given  the  right  working 
conditions,  a  migration  prediction  forecast  procedure  could  be  accurate 
enough  for  operational  use.  The  M33C  track  radar  used  at  Primrose 
Lake  detected  birds  flying  only  above  1200  feet  (AGL).  It  was  determined 
that  5GX  were,  on  the  average,  below  3500  feet,,  901  below  5000,  and  99X 
below  10,000  feet.  The  highest  bird  echoes  were  recorded  at  14,200  to 
14,400  feet  (AGL).  There  were  indications  that  cloud  cover  and  upper 
wind  Influenced  the  height  distribution  on  nights  with  heavy  migrations. 

Blokpotl  discusses  In  Reference  58,  the  spring  migration  of  Lesser  Snow 
and  Blue  Geese  through  Southern  Mrnltoba  during  early  May  1970.  It  was 
estimated  that  300,000  of  these  geese  stage  in  the  area  In  North  Dakota 
north  of  Devil's  Lake.  Blokpoel's  findings  were:  "The  biological  In¬ 
formation  gathered  during  a  project  to  monitor  and  warn  of  the  spring 
1970  migration  of  Lesser  Snow  and  Blue  Geese  (snow  geese)  In  the 
vicinity  of  Winnipeg  International  Airport,  Visual  observations  from 
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the  ground  and  the  air  supplemented  observations  were  made  with  the 
Airport's  AASR-1  surveillance  radar  and  Precision  Approach  Radar.  In 
early  May  the  snow  geese  were  staging  in  southern  Manitoba  along  the 
international  border  from  Whitewater  Lake  east  to  Dominion  City. 

Both  radar  and  visual  observations  showed  that  the  great  majority  (the 
main  wave)  of  the  snow  geese  flew  between  the  afternoon  of  May  15  and 
mid-morning  of  May  17.  Small  scattered  numbers  of  birds  flew  earlier 
with  a  distinct  minor  movement  on  the  morning  of  May  6  (radar  observa¬ 
tions  only).  The  snow  geese  migrated  in  a  broad  front,  at  least  100 
nautical  miles  wide. 

There  is  little  proof  but.  considerable  circumstantial  evidence  that  at 
least  the  majority  of  the  daytime  'goose  echoes'  during  the  main  wave 
were  caused  by  flocks  of  migrating  snow  geese.  The  main  wave  started 
after  a  10-day  period  of  poor  weather  (northerly  and  easterly  winds, 
rain,  heavy  overcast);  the  vanguard  flew  against  headwinds,  a  good  pro¬ 
portion  with  sidewinds  and  the  main  part  with  tailwinds.  Some  650,000 
to  1,000,000  snow  geese  were  flying  during  the  main  wave,  with  major 
peaks  during  the  nights  May  15-16  and  16-17  and  a  minor  one  on  the 
morning  of  May  16. 

The  radar  data  suggests  that  different  populations  flew  at  different 
times  in  different  directions.  Throughout  the  night  May  15-16  the  geese 
flew  ENE  (notwithstanding  a  change  in  wind  direction),  on  May  16  NE,  and 
on  May  16-17  NNE. 

During  the  evenings  of  May  15  and  16,  the  Precision  Approach  Radar  showed 
that  most  geese  were  flying  at  about  1200  to  1400  feet  above  ground 
level.  Individual  ground  speeds  varied  from  17  to  73  kts,  and  mean 
hourly  ground  speeds  from  24  to  62  kts.  Mean  air  speeds,  calculated 
from  the  mean  ground  speeds  for  five  one-hour  periods,  varied  from  26.6 
to  33.3  kts. 

It  is  hypothesized  that  snow  geese  migrate  with  constant  air  speed, 
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regardless  of  the  wind  condition.  During  a  minor  movement  of  'goose 
echoes'  on  the  morning  of  May  6  very  strong  tail  winds  resulted  in  a 
very  high  mean  ground  speed  (69  kts)." 

Richardson  discusses  in  Reference  59,  the  variations  obtainable  in  the 
use  of  surveillance  radars  at  over  30  different  Air  Traffic  Control  and 
military  sites  used  to  study  migrations  in  Canada.  His  work  describes 
the  radar  adjustments  and  changes  in  flight  behavior  that  have  been 
found  to  effect  the  bird  detection  capabilities  of  several  radars  and 
evaluates  the  severity  of  these  affects  and  suggests  approaches  to 
overcome  them.  The  ASR-5  radar  was  tested  and  a  systematic  series  of 
adjustments  made  and  studied  at  Halifax  International  Airport,  Nova 
Scotia,  Canada  (44°53'N,  63°30"W)  during  October  1969.  The  ASR-5  radar 
is  a  relatively  low-powered  (400  kw),  10  cm.  radar  designed  for  short 
and  medium  range  (0-60  n.  ml.)  air  traffic  control.  Its  short  pulse 
duration  (0.833  microsec)  has  a  relatively  high  resolution  for  a  sur¬ 
veillance  radar.  It  uses  a  parametric  amplifier,  multiple  modes  of 
Moving  Target  Indicator  (MTI)  and  Sensitivity  Time  Control  (STC)  cir¬ 
cuitry,  a  video  Integrator,  and  pulse  staggering. 

The  AASR-1  radar  wns  tested  and  a  systematic  series  of  adjustments  were 
made  and  studied  at  Moncton,  New  Brunswick,  Canada  (46°05'N,  64°40’W) 
on  the  nights  of  12,  14,  15  and  16  May  1970.  The  AASR-1  radar  is  medi¬ 
um  powered  (550  Kw),  23  cm.,  used  for  long  range  air  traffic  control  In 
many  areas  of  Canada.  Many  birds  were  observed  at  ranges  of  2-25  n.mi., 
and  large  flocks  were  observed  at  ranges  of  50  n.mi.,  or  more.  It  has 
moderate  resolution  and  is  less  complex  than  the  ASR-5.  There  is  a 
single  MTI  canceller  without  feedback,  only  one  STC  mode,  and  no  pulse 
staggering  capability.  The  ASR-7  radar  was  tested  and  a  systematic 
series  of  adjustments  were  made  and  studied  at  NASA/Wallops  Station, 
Virginia  (37°57'N,  75°27'W),  In  seven  days  in  the  period  19  October  - 
1  November  1971.  The  ASR-7  is  a  very  modern  but  low  powered  (450  Kw), 
10.8  cm.  Its  use  Is  similar  to  the  ASR-5  in  purpose,  parameters,  and 
capabilities.  The  ASR-7  differs  from  most  surveillance  radars  in  that 
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it  has  digital  rather  than  analogue  MTI  and  video  integration.  It  has 
a  logarithmetic  as  well  as  a  linear  receiver.  Only  a  few  large  flocks 
are  visible  beyond  10  n.  mi,  range. 

Richardson  adjusted  every  variable  item  on  each  radar  system  evaluated 
during  the  tests.  He  cited  pertinent  facts  about  digitized  radar  data. 

In  the  SAGE/BUIC  system  of  the  North  American  Air  Defense  Command 
(NORAD)  the  original  analogue  data  are  converted  to  digital  form  by  a 
computer  at  each  site  and  then  transmitted  to  various  control  centers. 

One  of  the  purposes  of  digitization  is  to  provide  further  means  for 
surpressing  echoes  from  the  ground,  weather  and  birds.  Weak  echoes  from 
passerines  generally  were  surpressed,  but  on  most  occasions  at  most  radar 
sites  intense  echoes  probably  from  flocks  were  still  visible  on  the 
digitized  PPI  displays.  These  larger  targets  were  frequently  easier  to 
track  on  tne  digitized  PPI  display  than  on  analogue  displays.  At  a 
NORAD  control  center  it  is  possible  to  observe  digitized  data  from 
many  radar  sites  simultaneously.  Thus,  it  is  possible  to  observe  the 
progressive  changes  in  the  distributions  of  flight  directions  of  bird 
flocks  at  various  sites  as  pressure  systems  and  weather  fronts  move 
across  a  wide  area.  The  data  are  definitely  biased  in  favor  or  large 
flocks  which  would  be  ideal  for  the  study  of  waterfowl  migrations.  The 
FAA  is  at  present  converting  to  a  nationwide  digitized  radar  system  that 
will  ultimately  reduce  the  bird  level  observed  on  the  PPI's  to  those 
used  by  NORAD.  It  can  be  concluded  from  Richardson's  studies  that  there 
are  many  adjustments  that  can  be  made  and  are  made  to  the  radar  units. 

In  general,  he  indicates  that  surveillance  radars  are  not  precisely 
calibrated  precision  instruments.  At  least  these  radars  can  provide 
excellent  qualitative  information  about  migrations  but  even  with  careful 
use  can  provide  only  moderately  accurate  quantitative  data. 

Bell rose  discussed  in  Reference  60,  the  waterfowl  migration  corridors 
east  of  the  Rocky  Mountains  and  the  various  techniques  used  In  his 
studies.  Pertinent  studies  were  accomplished  by  using  radar  surveil¬ 
lance  in  determining  direction  and  magnitude  of  movement  particularly 
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at  night,  through  clouds  not  laden  with  water  droplets.  He  and  Dr. 
Graber  used  an  APS-42A  radar  at  Havana  and  Champaign,  Illinois,  and  a 
mobile  unit  in  Illinois,  Indiana,  Iowa  and  Missouri  during  waterfowl 
migrations  i..  the  years  1960  -  1964.  In  addition  he  had  the  coopera¬ 
tion  during  1963  -  1965  of  the  U,S.  Weather  Bureau  WSR-57  radar  surveil¬ 
lance  of  waterfowl  migrations  at  27  stations.  These  WSR-7  radars 
furnished  data  for  waterfowl  in  a  range  of  40-100  miles.  It  appears 
that  Bell  rose  had  excellent  coverage  of  the  migrations  during  1963  - 
1965  starting  at  the  first  U.S.  Weather  Station  In  Amarillo,  Texas  to 
the  Atlantic  and  Gulf  Coasts. 

Flock  and  Bellrose  discussed  In  Reference  61,  a  radar  study  of  spring 
bird  migrations  in  the  central  United  States  that  took  place  on  Mar.-.h 
21  and  22,  1969,  using  the  radar  facilities  of  FAA  centers.  They  showed 
that  maximum  coverage  could  be  obtained  during  bird  migration  periods 
for  specific  areas  through  the  use  of  the  FAA  Air  Route  Traffic  Control 
Centers  (ARTCC)  located  at  Denver,  k®»sas  City  and  Chicago.  Fourteen 
units  at  these  three  centers  were  monitored  and  radar  echoes  caused  by 
birds  recorded. 

From  the  Denver  (Longmont),  Colorado  center  radar  displays  were  photo¬ 
graphed  for  the  Trinidad,  Colorado;  Lusk,  Wyoming;  and  Grand  Junction, 
Colorado  radar  units.  At  the  Kansas  City  (Olathe),  Kansas;  Garden  City, 
Kansas;  Hutchison,  Kansas;  Olathe,  Kansas;  and  St.  Louis,  Missouri  radar 
displays  were  photographed.  At  Chicago  (Aurora),  Illinois  center  the 
West  Branch,  Iowa;  Horican,  Wisconsin;  McCook  (Chicago),  Illinois;  and 
LaGrange,  Indiana  the  radar  displays  were  monitored. 

Continuous  photographic  coverage  was  already  being  monitored  for  the 
North  Platte,  Nebraska  and  Denver,  Colorado  radars.  Except  for  the 
Denver  radars,  all  are  long-range  either  Air  Route  Surveillance  Radars 
(ARSR)  or  Air  Force  radars,  which  transmit  their  signals  to  ARTC 
centers.  This  study  demonstrated  the  feasibility  of  using  existing 
radar  displays  at  Traffic  Control  Centers  throughout  the  United  States 


to  gain  better  understanding  of  bird  migration  and  to  provide  the 
feasibility  of  allowing  improved  prediction  methods  and  real  time 
warnings  of  heavy  migrations, 

Jackson  and  Fiedler  discussed  in  Reference  62,  a  radar  study  of  crow 
movements  around  the  Toledo  Express  Airport,  Ohio.  The  study  covered 
the  period  between  October  18,  1964  and  March  23,  1965.  The  radar  type 
was  an  ASR-4  with  a  peak  power  output  of  450  Kw,  frequency  of  2700-2900 
megacycles  and  a  pulse  width  of  1.5  dagrees.  It  was  determined  that 
the  crows  fly  around  the  airport  at  an  altitude  of  50-500  feet  (A6L), 
that  their  activities  around  the  roost  took  place  approximately  one 
hour  before  sunrise,  and  that  they  returned  to  roosting  as  late  as  15 
minutes  after  sunset.  The  maximum  populations  were  estimated  to  be 
20,000  birds  and  at  times  it  was  observed  that  as  many  as  14,000  crows 
would  move  from  one  roosting  area  to  another.  The  distance  travelled 
during  the  daylight  hours  by  the  crows  was  estimated  to  be  upward  of 
30  miles. 

Williams,  et  al.  discussed  in  Reference  63  tracking  radar  studies  of 
birds  in  or  near  cloud  layers.  The  radar  used  in  this  study  was  the 
Spander  radar  at  Wallops  Stations,  Virginia.  Spander  is  a  10  cm 
(2700-2900  MHz)  with  a  5  megawatts  peak  power,  a  60  foot  parabolic  dish 
antenna  producing  a  O.^R0  beam  width.  During  the  fell  of  1969,  they 
were  able  to  track  birds  on  three  nights  with  totally  overcast  skies. 
Some  birds  were  tracked  at  an  altitude  of  7000-8000  feet  (AGl)  and  on 
occasions  they  were  able  to  detect  that  the  birds  were  confronted  with 
cross-winds. 

Flock  discussed  In  Reference  64,  the  use  of  a  GEC-AE1  Number  654  radar 
which  was  evaluated  at  Gunbarrel  Hill  and  Valmont  Reservoir,  near 
Boulder,  Colorado  from  March  16  to  December  19,  1971.  Morning  and 
evening  flights  of  Mallards  and  Canada  Geese  provided  good  test  radar 
targets.  Some  doppler  radar  signature  data  were  also  taken  with  a  CW 
radar  at  Ballar  Lake  In  1971.  The  654  radar  Is  a  compact,  largely 
solid  state  radar  consisting  of  motor-generator,  transceiver,  PPI,  and 
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antenna  drive  subunits.  Tfc  had  a  power  output  of  20  Kw,  a  frequency 
of  94°45'MHz,  a  horizontal  beemwidth  of  0.7°,  and  was  operable  with 
0.5  microsec  pulses  on  the  3/4  to  1  1/2  n.  mi.  range,  with  0.25  micro¬ 
sec  pulses  on  the  3  to  6  n.  mi.  ranges,  and  with  1  microsec  pulses  on 
the  ranges  up  to  48  n.  mi.  Flock  showed  In  his  tests  that  the  654 
radar  was  good  but  improvements  were  desirable  to  better  detect  birds 
at  a  greater  distance  on  runways. 

Aircraft  Lighting  Systems  for  Bird  Hazard  Reduction 

Considerable  interest  was  created  about  the  use  of  flashing  light  as 
a  means  of  preventing  bird/aircraft  collisions  when  Major-General 
Caldera  noted  that  commercial  airlines  with  Atkins  anti -colli si on 
lights  installed  had  not  experienced  bird  strikes  during  a  four-year 
period.  (Reference  65} 

Golden  (Reference  66)  made  a  comparative  study  of  the  American  Airlines 
fleet  of  over  200  aircraft,  most  of  which  were  equipped  with  anti- 
collision  lights,  and  the  Mohawk  Airlines  fleet  of  aircraft  which  were 
not  equipped  with  anti -collision  lights.  It  was  indicated  that  of 
American's  28  BAC  1-11  aircraft,  one  birdstrike  in  1968  resulted  in 
repair  costs  of  $1,695.00.  Mohawk's  annual  average  rep?*r  costs  of 
$50,000  due  to  birdstrikes  reached  $176,000,00  in  1969.  Further,  for 
the  entire  American  Airlines  fleet,  it  was  estimated  that  less  than 
$20,000  was  spent  in  1968  for  aircraft/bird  collision  repairs. 

Included  in  the  American  Fleet  were  57  B-727's. 

It  has  been  estimated  that  aircraft  equipped  with  anti-collision  lights 
are  visible  for  seven  miles.  This  visibility  should  provide  most  birds 
with  sufficient  warning  for  collision  avoidance  maneuvers. 

The  latest  generation  of  conmercial  aircraft,  Boeing  747,  Lockheed  1011, 
and  Douglas  DC-10,  were  all  designed  to  the  FAA  requirement,  FAR  25, 
Paragraph  25.1401,  for  the  Installation  and  certification  of  an  anti- 
collision  lighting  system.  For  Instance,  the  DC-10  aircraft  are 
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delivered  with  a  3200  candlepower  intensity  strobe  li  -’i  .r-  ^ch  wing 

tip.  The  success  of  these  lights  as  a  deterrent  to  bin.' ‘  Tikes  is 
dubious  since  their  use  is  optional  to  the  airline  pilots. 

Consequently,  as  noted  in  Reference  2,  during  1972  there  were  14  bird- 
strikes  reported  to  the  FAA  by  commercial  airlines  for  the  B747,  and  3 
for  the  DC-10.  The  number  of  strikes  might  have  been  less  if  strobe 
light  usage  were  mandatory. 

While  the  installation  of  strobe  lights  on  aircraft  for  aircraft/bird 
collision  avoidance  seems  promising,  such  installations  work  only  tem¬ 
porarily  around  air  bases  as  noted  in  Reference  7.  After  birds  become 
accustomed  to  the  flashing  lights  they  will  sometimes  perch  upon  them 
and  there  have  been  Incidents  where  birds  have  built  nests  in  the 
vicinity  of  beacon  lights. 

The  effectiveness  of  strobe  lights  will  be  well  established  by  the  AF 
Weapon's  Laboratory  since  they  are  monitoring  strobe  light  installation 
on  squadrons  of  T37,  T38,  and  F-111  aircraft  as  noted  in  Reference  53. 

Solman  reported  (Reference  67)  on  observations  that  had  taken  place  at 
the  Winnipeg  Airport  In  1969  regarding  migratory  geese  of  flock  sizes 
of  300-500  birds.  These  observations  made  of  radar  units  such  as  the 
PPI  and  PAR  occurred  at  a  time  of  dense  commercial  aircraft  landing 
traffic.  On  two  occasions  when  aircraft  were  on  final  approach  with 
landing  lights  on,  it  appeared  that  the  geese  saw  the  alreraft  and 
turned  back  to  avoid  collisions.  In  one  case  a  flock  turned  back,  re¬ 
grouped,  started  across  again  and  was  again  faced  with  an  oncoming 
aircraft,  again  turned  back  to  avoid  collisions,  and  finally  when 
there  were  no  aircraft  on  final  approach  they  crossed  the  flight 
pattern  and  flew  "Orth.  After  these  incidents,  one  major  Canadian 
Airline  made  the  suggestion  that  Its  pilots  fly  with  their  landing 
lights  o,'  at  ell  tines  below  10,000  feet.  The  results  of  this  effort 
was  encouraging  since  the  number  of  night  strikes  at  this  locality  was 
reduced  from  11  In  1969  to  6  In  1970, 
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Microwave  Radiation  Systems 


Limited  studies  and  experiments  have  been  conducted  to  evaluate  the 
capability  of  microwave  radiation  to  clear  the  aircraft  flight  path. 
Radiation  generated  by  airborne  equipment  would  temporarily  STUN  all 
birds  in  the  flight  path  and  they  would  fall  to  clear  the  airspace. 

The  experiments  to  date  were  conducted  with  radar  and  laser  produced 
mi crowaves . 

Tanner  (Reference  68)  experimented  with  a  radar  horn  antenna  at  power 
levels  of  10-30  millowatts  per  square  centimeter  at  a  frequency  of 
16,000  pulses  per  second.  In  his  experiment  he  used  chickens  (old 
English  games),  pigeons  and  ringbill  seagulls.  Each  chicken  registered 
a  startled  reaction  and  sustained  extensor  activity  of  wings  and  legs 
a  few  seconds  after  the  onset  of  radiation.  The  effect  on  pigeons 
and  seagulls  was  less  dramatic.  The  wings  of  the  chicken  did  rot 
return  to  their  normal  position  for  at  least  an  hour  after  exposure. 

The  seagulls  registered  considerable  distress  but  shrugged  cff  the 
muscular  disturbance  by  repeatedly  flapping  their  wings. 

The  experiment  described  above  was  expanded  by  Turner,  Davie,  et  al. 
(Reference  69)  to  include  the  effects  of  radiation  on  birds  in  flight. 
Birds  were  trained  to  traverse  a  forty-foot  long  tunnel  for  food. 

Once  trained,  they  were  exposed  to  K-band  radiation  (16  GHz,  pulsed 
at  8400  pps  with  pulse  width  of  0.20  microseconds,  average  power  of 
100W).  Under  normal  laboratory  environmental  conditions  and  with 
increased  humidity,  no  unusual  behavior  was  observed.  With  the  onset 
of  radiation,  the  majority  of  birds  avoided  the  tunnel,  ceased  eating, 
or  returned  to  their  starting  cages. 

The  tests  were  concluded  with  the  following  hypothesis  to  be  resolved: 

/ 

a)  determination  of  the  microwave  field  that  has  the  greatest  effect 
on  birds  for  the  least  expenditure  of  power; 


b)  installation  of  the  appropriate  equipment  for  in-flight  applica¬ 
tions; 

c)  provision  of  an  electromagnetic  field  at  airports  to  serve  as  a 
bird  deterrent  but  without  human  or  other  hazard. 

These  experimencs  demonstrate  that  their  are  behaviorial  EEC  and  EMG 
changes  and  that  environmental  factors  play  an  important  role  in  the 
effectiveness  of  a  particular  microwave  field.  The  use  of  microwave 
radiation  appears  promising  for  the  solution  of  bird  hazard  problem  to 
aircraft. 

Lustick  of  the  Ohio  State  University  presented  a  paper  at  the  1973 
Conference  on  Transparent  Aircraft  Enclosures  pertaining  to  the  use 
of  high-intensity  laser  light  as  a  means  of  decreasing  the  bird  strike 
hazard  to  aircraft.  He  evaluated  the  effects  of  continuous  and  pulsed 
light  on  the  behavior  and  physiology  of  starlings,  mallard  ducks,  and 
geese.  It  was  found  that  a  concentrated  laser  beam  of  0.2  cm 
in  diameter  at  a  power  above  0.5  W  would  cause  an  avoidance  response 
in  all  the  bird  species  tested.  After  the  initial  response  to  pulsing 
laser  light  intensity  —  beam  2  to  14  inches  —  the  gulls  and  starlings 
habituated. 


Conclusions  and  Pertinent  Findings 


1.  Myres,  Reference  71,  lists  268  radar  studies  of  birds  dating  as 
far  back  as  1939.  The  group  of  radar  studies  randomly  selected  for 
this  study  repeatedly  showed  that  bird  movements  could  be  detected  by 
using  radar  systems. 

It  was  shown  that  each  system  had  peculiarities  that  were  adaptable 
and  could  be  used  in  the  determination  of  bird  movements. 


2.  As  noted  In  Section  III,  over  1000  birdstrikes  occur  annually  for 
the  combination  of  US  Commercial  Airlines,  USAF,  and  USN.  In  these 


studies  it  was  surprising  to  find  that  both  the  FAA  and  USAF  were 
making  every  effort  to  eliminate  bird  echoes  or  "angels"  from  their 
radar  systems. 

3.  The  continued  study  of  bird  migratory  paths  is  not  necessarily  ger¬ 
mane  to  the  development  of  a  bird  warning  system.  Bird  migratory 
movements  vary  only  slightly  from  year  to  year  and  daily  movements 
vary  depending  only  on  the  direction  birds  must  travel  for  food, 

4.  Based  on  the  vast  amount  of  radar  bird  studies  that  have  been  accom¬ 
plished  during  the  past  10  years  in  North  America,  it  is  r.^ommended 
that  the  USAF  immediately  establish  bird  warning  systems.  The  CONUS 
is  saturated  with  USAF  radar  installations,  including  CORAD,  that 
should  be  integrated  into  a  total  bird  warning  system.  The  various 
installations  must  have  direct  communication  links  with  a  telex  pro¬ 
cedure  as  a  minimum.  Prior  to  the  fall  migrations,  some  time  in 
August,  CORAD  units  along  the  Canadian  border  should  establish  con¬ 
tact  with  the  Canadian  radar  bird-tracking  groups.  Each  time  the 
Canadian  groups  observed  bird  movements,  CORAD  should  be  notified. 

CORAD  should  track  the  flocks,  determine  local  weather  conditions, 
determine  bird  flight  directions,  and  contact  USAF  radar  stations 
so  that  the  birds  could  be  tracked  to  their  final  destinations. 
Generally  any  migratory  bird  groups  will  take  several  days  to  weeks 
to  make  the  complete  journey  from  the  Canada  border  to  their  summer 
homes.  Flight  and  Flight  Operations  Officers  at  the  USAF  bases 
enroute  should  be  notified  of  the  migrations  so  that  flight  sched¬ 
ules  could  be  adjusted  to  reduce  the  bird  strike  potential. 

The  AFWL-Ecosys terns  group  should  be  Informed  of  these  migrations 
and  weather  conditions,  and  given  all  known  pertinent  facts  so  that 
a  bird  map  could  be  developed.  Undoubtedly,  the  initiation  of  such 
procedures  would  be  cumbersome,  errors  would  occur,  but  the  real 
time  problems  would  evolve  that  could  be  Identified  and  solutions 
developed. 
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5.  Many  USAF  bases  are  located  in  the  close  proximity  to  the  winter 
homes  of  waterfowls,  gulls  and  other  birds.  Once  the  fall  migra¬ 
tions  are  under  way  and/or  completed  the  local  radar  units  should 
at  regular  intervals  determine  the  movements  from  roost  to  feeding 
areas.  All  operational  groups  should  be  Informed  so  flight  plans 
could  be  adjusted  to  avoid  these  bird  hazards. 

6.  The  procedures  reconmended  In  4  and  5  above  should  be  reversed  for 
the  spring  migrations. 

7.  Radar  systems  specifically  designed  for  bird  acquisition  and  track¬ 
ing  should  be  developed.  RCA  has  a  radar  system  under  development 
to  NASA  with  the  capability  of  determining  the  movement  of  perching 
birds  in  the  proximity  of  air  bases. 

8.  Strobe  lights  should  be  installed  on  all  military  aircraft  and  their 
use  established  as  mandatory.  The  exact  type  and  installation  loca¬ 
tions  should  be  predicated  on  the  results  of  current  USAF  service 
evaluation  tests.  While  the  use  of  strobe  lights  Is  not  considered 
a  total  solution,  Its  role  in  reducing  the  frequency  of  aircraft/ 
bird  strikes,  based  on  current  observations,  cannot  be  Ignored. 

9.  The  development  of  microwave  radiation  systems  should  be  confined 
to  the  laboratory  until  the  ramifications  on  Its  widespread  use 
are  determined.  In  particular,  the  Indiscriminate  use  of  airborne 
laser  systems  poses  a  distinct  hazard  to  man  and  his  environment 
that  is  perhaps,  far  more  severe  than  the  known  hazard  of  aircraft/ 
bird  collisions. 
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SECTION  IX 


bIRD  STPIKE  DESIGN  SUMMARY 

The  salient  points  of  Sections  II  through  VIII  were  combined  to  estab¬ 
lish  broad  relationships  'o  minimize  the  bird  hazards  to  future  USAF 
aircraft. 

It  is  recommended  that  these  relationships  are  considered  during  the 
planning  and  initial  conceptual  design  phases  for  future  USAF  aircraft. 

The  data  presented  are  applicable  to  most  aircraft  designs.  However, 
they  are  not  applicable  to  many  helicopter  designs. 

The  pertinent  details  for  this  presentation  are  the  following  categories 

°  Rjsk  associated  with  not  designing  windshield/ canopies  and 
supporting  structure  to  bird  impact  requirements. 

°  Related  critical  factors  associated  with  designing  enclosures 
for  bird  impact  requirements. 

°  Definition  of  acceptable  bird  impact  damage  to  transparencies  for 
mission  completion. 

°  Selection  of  critical  operational  requirements. 

°  Design  requirements  for  windshields/canopies  and  supporting 
structure,  verification  testing  and  associated  costs. 

o  Bird  impact  avoidance  systems, 

°  Miscellaneous  bird  strike  design  considerations. 


J  III  "■■HP _ - « - 


Risk  Associated  with  Not  Designing  Windshield/Canopies  and  Supporting 
Structure  to  Bird  Impact  Requirements 

It  was  shown  that  the  USAF  could  expect  29  bird  strikes  per  year  on 
windshields/canopies.  Since  1965  there  have  been  seven  fatalities,  and 
five  major  and  26  minor  injuries  to  the  flight  crews  as  a  result  of  bird 
impacts.  For  each  new  aircraft  design,  decisions  must  be  made  regarding 
the  design  and  verification  testing  costs  for  bird  impact.  Each  air¬ 
craft  necessarily  will  have  certain  peculiarities  such  as  expected  life, 
and  annual  flighc  time  utilization  that  must  be  considered  at  the  time 
of  planning  phases.  To  establish  a  risk  factor  that  would  be  applicable 
to  the  design  of  all  aircraft  models  is  virtually  impossible. 

To  illustrate  how  a  risk  factor  might  be  determined,  the  DC9  coirmercial 
versions  and  the  USAF  C9A  aircraft  were  used  as  an  illustrative  example 
since  the  two  aircraft  types  are  operated  from  different  air  bases  and 
fave  different  mission  profiles.  Each  aircraft  is  assumed  to  have  a 
minimum  expected  life  of  30,G0C  hours.  From  Figures  44  and  45,  the  1972 
bird  strike  data  were  assumed  to  be  typical  of  the  number  of  strikes  that 
could  be  expected  annually  as: 


DC9 

C9A 

No.  of  Strikes 

25 

3 

Hours  Flown 

922,436 

27,559 

No.  Aircraft  (for  study) 

366 

20 

Conservatively,  the  windshields  on  the  DC9/C9A  represents  4.2%  of  the 
aircraft  frontal  area.  From  Figure  49  it  is  easily  shown  that  a  maximum 
of  31.5%  of  the  bird  strikes  could  occur  on  the  windshield. 

Strikes  per  year  and  per  hour  were  calculated  as: 

DC9:  25  strikes  x  31.5%  *  7.875  strikes/year 

C9A:  3  strikes  x  31.5%  *  .945  strikes/year 

DC9:  c  8-337  x  1°~6  strikes/hour 

C9A:  "g7^ggg  *  3.429  x  l(f5  strikes/hour 
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The  number  of  strikes  during  the  life  of  the  aircraft  is: 

DC9:  30,000  hours  x  (8.537  x  10"6)  =  .256 
C9A:  30,000  hours  x  (3.429  x  l(f5)  *  1.0287 

The  probab'lity  of  at  least  one  strike  during  the  expected  life  of  the 
aircraft  is  calculated  using  Poisson's  law: 

DC9:  1-e"*256  =  .226 

C9A:  l-e'K0287  =  .643 

Therefore,  the  probability  of  a  bird  strike  during  the  minimum  expected 
life  of  a  DC9  was  .226  or  a  22.62  chance;  while  the  probability  of  a 
bird  strike  during  the  minimum  expected  life  of  a  C9A  was  .643  or  a 
64.3%  chance. 

These  probability  predictions,  for  transport  type  aircraft,  show  ample 
justification  for  designing  the  crew  compartment  for  bird  impact 
requirements. 

Related  Critical  Factors  Associated  with  Designing  Enclosures  for  Bird 
Impact  Requirements 

Too  frequently,  during  the  lofting  definition  phases  for  aircraft  shape 
development,  the  nose  shape  is  directed  exclusively  toward  meeting  aero¬ 
dynamic  requirements.  Perhaps  features  of  equivalent  importance  that 
should  be  considered  when  shaping  the  nose,  are  vision  requirements  per 
MIL-STD-850  including  considerations  for  the  angle  of  attack  of  the  air¬ 
craft  during  landing,  optical  requirements  specified  by  the  various  trans¬ 
parency  specifications  and  Design  Handbooks  DH-1  and  DH-2,  optica i 
distortion  problems  associated  with  radical  shapes,  and  requirements  to 

meet  bird  Impact.  { 

\ 

\ 

Frequently,  bird  impact  requirements  dictate  that  the  windshield  and 
windows  must  be  a  laminate  of  materials  resulting  in  a  number  of  dis¬ 
similar  indices  of  refraction.  Usually,  other  requirements  can  include 
radar  reflective  films,  electrical  conductive  coatings  for  anti-icing 
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and/or  defogging,  abrasion  resistant  coatings,  anti-reflective  coatings, 
and  reflective  coatings  for  head-up  displays.  Each  coating  reduces  the 
amount  of  light  transmission  through  the  windshield  or  window  and  the 
greater  the  sighting  angle  of  incidence  the  more  difficult  it  becomes 
to  accurately  determine  distances  and  shapes  of  objects  beyond  the  air¬ 
craft.  Therefore,  a  prime  consideration  should  be  the  acceptance  of  an 
aerodynamic  drag  weight  for  a  shape  that  would  permit  the  best  possible 
relationships  of  these  requirements. 

The  drag  weights,  necessarily,  would  have  to  be  converted  to  define  the 
reduction  in  the  performance  of  the  aircraft's  range  and  speeds. 

In  the  event  that  drag  weights  are  unacceptable,  it  is  recommended  that 
low  light  level  TV  systems  be  Investigated  for  use  to  enhance  critical 
visibility  requirements  and  allow  the  amount  of  transparent  area  t)  be 
proportionately  reduced. 

Definition  of  Acceptable  Bird  Impact  Damage  to  Transparencies  for 
Mission  Completion 

Aircraft  flight  crew  functional  requirements  must  be  defined,  based  upon 
the  type  of  aircraft  being  considered. 

For  each  type  of  aircraft,  decisions  must  be  made  regarding  the  type 
of  failures  that  can  be  allowed  for  mission  completion  after  the  occur¬ 
rence  of  a  bird  Impact.  Vision  loss,  pressurization  loss,  and  loss  of 
escape  provisions  are  initial  considerations.  A  more  Important  consid¬ 
eration  would  be  the  capability  of  the  failed  windshield  to  withstand 
an  additional  bird  Impact. 

The  amount  of  vision  loss  that  would  be  permissible  is  largely  depen¬ 
dent  upon  the  type  of  aircraft,  the  number  of  windows,  and  whether  there 
is  one  or  two  crew  members  capable  of  flying  the  alreraft.  Fcr  trans¬ 
port  and  trainer  type  aircraft  It  is  believed  a  minimum  amount  of  for¬ 
ward  vision  Is  required  to  land  the  aircraft. 
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Bomber  or  fighter  type  aircraft  would  require  that  the  vision  loss  be 
limited  to  50X  to  allow  the  crew  to  see  the  target  and  land  the  air¬ 
craft.  The  allowable  pressurization  leakage  rate  resulting  from  bird 
impact  should  be  established  for  each  specific  aircraft.  It  is  sugges¬ 
ted  that  bird  impact  damage  to  transparencies  or  structure  be  a  minimum 
to  allow  pressurization  to  15,000  feet  or  mission  completion  altitude, 
whichever  is  established  as  a  requirement. 

Normal  egress  and/or  emergency  escape  provisions  should  be  thoroughly 
evaluated.  Aircraft  such  as  transports  having  onenable  windows  that 
are  also  used  as  emergency  escape  exits  would  be  allowed  to  have  one 
side  or  the  other  jammed  as  a  result  of  bird  Impact  but  not  both. 
Fighters  and  bombers  may  have  only  one  egress  for  the  flight  crew  and 
must  be  designed  to  withstand  a  bird  impact  and  remain  operable. 

As  a  matter  of  procedural  policy  the  pilot  should  have  established 
criteria  so  that  rational  decisions  can  be  made  after  an  initial  bird 
impact.  Frequently,  small  birds,  when  struck,  will  smear  over  most  of 
a  window  surface  without  causing  structural  damage.  Providing  that 
there  is  sufficient  vision,  the  mission  should  be  completed.  When  a 
laminated  construction  is  used  in  the  design,  a  bird  strike  will  fre¬ 
quently  cause  a  failure  of  one  or  mo*"e  plies  of  the  laminate.  Decisions 
should  be  made  as  to  how  many  failed  plies  can  safely  be  allowed  for 
mission  completion.  Although  the  probabilities  for  a  second  bird 
strike  during  a  single  mission  may  be  Insignificant,  considerations 
should  be  given  to  the  feasibility  of  the  windshields/ canopies  to  with¬ 
stand  a  second  bird  Impact  without  resulting  in  a  catastrophic  failure. 

Selected  Critical  Operational  Requirements 

During  the  preplanning  phases  and  design  phases  of  a  new  aircraft,  con¬ 
sideration  should  be  given  to  minimizing  exposure  to  birds  during 
takeoff  by  designing  the  aircraft  for  minimum  takeoff  rolls  and  maximum 
climb  angles  to  at  least  3000  feet  and  establish  cruise  altitude  above 
8000  feet  minimum. 
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During  design  and  verification  testing  evaluate  the  probability  and 
consequences  of  hitting  a  bird  weighing  up  to  8  pounds.  Safe  speeds 
should  be  established  and  so  noted  in  the  Flight  Manuals.  When  the  air 
craft  is  operational  during  bird  migratory  seasons  the  aircraft  should 
not  exceed  these  minimum  safe  speeds. 

The  speeds  established  during  verification  testing  of  a  four-pound  bird 
impact  should  be  documented  in  the  Flight  Manual  to  assist  in  defining 
operational  flight  speeds  and  procedures. 

Restricted  speeds  to  compensate  for  damage  caused  by  an  initial  bird 
strike  during  intended  mission  should  be  defined  and  documented  in  the 
Flight  Manual . 

Even  though  an  aircraft  is  designed  and  verification  tested  to  maximum 
speeds.  It  is  recommended  that  up  to  8000  feet  (AGL)  the  flight  speeds 
be  reduced,  similar  to  the  current  commercial  limitations  of  250  knots 
below  10,000  feet  in  CONUS.  Thus,  In  the  event  of  a  bird  strike  the 
aircraft  will  suffer  little  or  no  damage. 

It  is  recommended  that  mission  planning  for  all  training  mission  take 
Into  account  the  time  of  year  when  birds  are  most  prevalent  and  scheduli 
flights  to  minimize  the  potential  bird  strike  hazard. 

Frequently,  after  an  aircraft  Is  In  service  it  becomes  necessary  to 
redefine  certain  aspects  regarding  defects  that  can  occur  to  a  produc¬ 
tion  transparency.  Defects  such  as  malfunctions  to  an  electrical  anti- 
ici  ng/defogging  system,  cracked  plies  in  a  laminated  transparency,  and 
delaminations  nearly  always  occur.  It  Is  recommended  that  the  bird 
Impact  verification  testin'?  be  accomplished  for  these  specific  defects 
and  safe  speed  limitations  determined  and  so  noted  in  the  Flight 
Manuals. 
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It  is  recommended  that  future  USAF  aircraft  are  designed  to  the 
following: 

The  windshields,  windows,  canopy,  and  all  supporting  structure 
ahead  of  and  protecting  the  pilot  and  crew  shall  be  designed  to 
withstand,  without  penetration,  the  impact  of  a  four-pound  bird 
when  the  velocity  of  the  airplane  (relative  to  the  bird  along 
the  airplane  flight  path)  is  equal  to  the  maximum  operational  true 
airspeed,  plus  60  knots,  which  can  be  achieved  up  to  8000  feet  with 
the  most  adverse  temperatures  selected  after  considering  the  maxi¬ 
mum  hot  temperatures  (including  aerodynamic  heating),  anti-icing 
system  maximum  temperature,  and  the  coldest  temperature  expected  on 
the  windshield/windows  at  8000  feet. 

The  verification  test  program  should  be  thoroughly  planned  in  an  endeavor 
to  test  all  conditions  that  will  be  required  for  operational  usage. 

Each  aircraft  will  bT  different,  but  the  C9A  was  shown  as  an  illustra¬ 
tive  example  and  the  rationale  described  for  the  selection  of  testing 
requirements. 

The  commercial  DC9  was  tested  to  the  FAA  requirements  and  was  designed 
to  the  technological  concept  that  the  windshields  would  be  required  to 
bag  tie  bird;  i.e.,  the  bird  strike  would  crack  the  glass  laminates  and 
the  polyvinyl  buteral  interlayer  would  atsorb  the  »nergy  during 
stretching. 

To  accomplish  this  bagging  concept  it  was  necessary  to  heat  the  vinyl 
interlayer  to  100°F  at  the  required  Vc  speeds  at  sea  level,  which  also 
met  the  requirement  for  anti-icing  on  the  windshields. 

Figure  66  was  shown  to  Illustrate  the  locations  deemed  necessary  for 
bird  impacting  to  meet  the  FAA  requirements. 


Shot  location  A  was  selected  to  show  the  affect  of  impact  on  the  wind¬ 
shields  where  the  maximum  deflections  would  occur. 

Impact  testing  was  conducted  as  noted  in  Section  V,  Table  XXX,  with  the 
anti-ice  electrical  system  operating  and  temperatures  monitored  to 
determine  that  the  windshield  was  heated.  Additional  shots  were  per¬ 
formed  when  the  windshields  were  cold  soaked  to  determine  a  maximum 
allowable  operational  speed  below  10,000  feet  (AGL)  in  the  event  the 
electrical  system  becomes  Inoperative.  Although  testing  was  not  accom¬ 
plished  with  cracked  glass  plies  or  delamination  between  the  plies,  it 
is  recommended  that  such  testing  be  accomplished  for  future  designs. 

Shot  location  B  was  selected  to  show  the  effect  of  Impact  on  the  wind¬ 
shields  when  the  maximum  stiffness  would  occur  and  where  the  effect  of 
structural  damage  could  be  determined. 

Testing  was  conducted  rlmilar  to  that  noted  for  shot  location  A  and  the 
results  are  noted  in  Section  V,  Table  XXX.  The  testing  revealed  that 
there  was  a  crack  in  the  windshield  in  the  proximity  of  the  intersection 
of  the  structural  joints  as  a  result  of  testing.  Although  not  a  require¬ 
ment  for  the  DC9,  It  Is  recommended  that  such  tests  be  required  for  new 
designs  and  an  acceptable  pressurization  leakage  rate  established  and 
documented  in  the  Flight  Manuals. 

Shot  location  C  was  selected  to  demonstrate  the  eff  ct  of  Impacting  the 
structure  at  a  location  that  was  supported  by  the  <.  jacent  openable 
window  and  to  determine  the  effect  on  window  operation.  The  testing 
was  accomplished  without  failure  and  results  noted  in  Section  V, 

Table  XXX. 

The  openable  clearvlew  window  was  constructed  of  stretched  acrylic  mate¬ 
rial  per  MIL-P-25690  and  laminated  with  polyvinyl  buteral  similar  to 
MIL-P-25374.  Test  shot  D  was  selected  to  determine  the  effect  of  impact¬ 
ing  the  window  and  the  supporting  latching  mechanism.  The  testing  was 
successful,  the  bird  was  bounced,  with  no  adverse  effects.  The  results 
are  noted  in  Section  V,  Table  XXX. 


234 


Eyebrow  Window 


\  t. 


^  I  * 

m 

d> 


TJ 

U 

VO 

VO  03 


DC  O 

=3  «♦- 

O 

•—  v/l 

u.  c 

o 


235 


The  eyebrow  window  Is  similar  In  construction  to  the  operable  clearview 
window.  It  was  tested  at  shot  location  E  at  the  point  of  maximum  deflec¬ 
tion  and  bounced  the  bird  with  no  adverse  effects.  The  results  are 
noted  in  Section  V,  Table  XXX 

The  aft  window  was  not  tested  because  any  flying  debris  would  have  been 
behind  the  pi lot/ copilot. 

The  costs  associated  with  bird  Impact  testing  vary  considerably,  depend¬ 
ing  on  the  conditions  to  be  tested.  Some  of  the  costs  associated  with 
bird  testing  are  detailed  in  the  following  paragraphs,  assuming  a  con¬ 
servative  approach  to  the  costs. 

1.  Representative  structure  should  be  used.  The  actual  DC9  first 
production  article  of  nose  structure  was  used  as  noted  in 
phantom  in  Figure  66.  Manufacturing  costs  vary  depending  on 
the  materials  and  manufacturing  methods.  The  structural  weight 
was  approximately  1000  pounds  for  the  DC9,  and  assuming  the 
manufacturing  costs  could  easily  vary  between  $50  and  $100  per 
pound  or  more.  The  costs  for  a  nose  specimen  of  this  type 
could  be  $100,000  or  more.  It  Is  recommended  that  an  actual 
production  configuration  be  used  to  obtain  the  full  effert  of 
windshlelds/canopies  as  well  as  supporting  structure. 

2.  Assuming  that  the  Initial  design  selection  for  the  windshields 
and  windows  was  correct,  12  specimens  would  be  required  for 
testing.  The  costs  per  specimen  could  vary  between  $1500  and 
$20,000  or  more,  depending  on  the  materials  and  design 

compl exlty. 

3.  The  design  engineering  and  test  engineering  manheurs  Involved 
could  easily  exceed  5000  hours  for  the  test  vehicle  design, 
test  planning,  Instrumentation  design  and  Installations,  equip¬ 
ment  calibration,  data  reduction,  testing,  removal  and  replace¬ 
ment  of  specimens,  repairs  that  result  f.^ii  testing,  and  report 
writing. 
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4.  Anthropomorphic  dummies  to  represent  pllot/copilot  would  be 
required  and  positioned  in  the  enclosure  to  determine  the  poten¬ 
tial  hazards  to  flight  crews.  These  dummies  cost  approximately 
$2,000  each. 

5.  Calibration  movies  would  be  required  to  determine  the  bird 
speeds  and  to  determine  the  condition  of  the  specimen  prior  to 
impact  and  its  deflection  after  impact. 

6.  Movies  from  outside  and  inside  would  be  required  to  show  that 
the  bird/ package  was  intact  at  impact. 

7.  Calibration  movies  require  at  least  four  16  mm  cameras  capable 
of  taking  5000  frames  per  second.  If  not  available  the  costs 
would  be  at  least  $8000  each. 

When  a  test  is  planned  and  programmed  there  may  be  more  accurate  equip¬ 
ment  available  that  would  measure  the  dynamic  responses  to  impact.  If 
so  it  should  be  a  part  of  the  test  program. 

The  cost  of  bird  Impact  testing  could  easily  vary  between  $250,000  and 
$1,000,000.  Considering  the  potential  losses  of  aircraft  and  crew, 
these  costs  are  negligible. 

Bird  Impact  Avoidance  Systems 

Caldera  (Reference  65)  and  Golden  (Reference  66)  have  shown  that  the 
bird  strikes  were  almost  eliminated  on  conwercial  aircraft  that  had 
flashing,  anti-collision  lights  installed.  Currently,  testing  programs 
are  being  monitored  by  AFWL  cf  strobe  light  installations  on  squadrons 
of  T37,  T38,  and  Fill  aircraft.  During  the  definition  phases  of  a  new 
design  it  Is  highly  recommended  that  anti-collision  lights  be  required. 
The  type  and  Installation  location  should  be  selected  based  on  tests 
concluded  by  AFWL.  Such  installations  would  serve  multi -purposes  of 
the  seen/be  seen  concept  between  aircraft  and  would  allow  birds  to  see 
the  lights  (approximately  7  miles)  and  possibly  avoid  oncoming  aircraft. 


During  u;e  definition  phases  of  a  new  aircraft  design  it  is  recommended 
that  the  selected  on-board  radar  units  include  the  capability  o'  recog¬ 
nizing  birds  during  flight. 

For  each  new  aircraft  design  it  is  recommended  that  representative 
simulators  be  designed  and  procured.  These  simulator  designs  should  be 
programmed  for  at  least  normal  flight  characteristics,  systems  malfunc¬ 
tions  affecting  flight,  and  representative  training  mission  flights. 
Visual  aids  should  also  be  a  part  of  the  system  relating  to  landing, 
takeoff,  and  training  mission  terrains. 

A  sufficient  quantity  of  these  units  should  be  a  major  requirement  for 
each  operational  squadron  using  the  specific  aircraft.  During  heavy 
bird  migrations  and  inclement  weather  conditions  it  should  be  mandatory 
that  the  simulators  be  used  in  lieu  of  the  actual  aircraft. 

The  current  estimated  costs  for  simulators  would  be  approximately  three 
to  four  million  dollars  each. 


It  has  been  proven  by  the  conmercial  airlines  with  the  current  series 
of  jumbo  jets  that  simulators  may  be  used  24  hours  per  day  and  that  95% 
of  a  pilot's  FAA  approved  training  takes  place  In  the  simulator.  The 
cost  advantage  to  the  airlines  Is  extensive  since  the  fuel,  servicing, 
and  maintenance  costs  are  eliminated  during  pilot  training,  and  the 
aircraft  can  be  used  for  its  intended  purpose  of  carrying  passengers. 


Miscellaneous  Bird  Strike  Design  Considerations 


Other  critical  components  on  aircraft  are  also  vulnerable  to  bird  strikes 
which  could  result  in  a  catastrophic  failure. 


During  the  selection  and  design  of  engines,  consideration  should  be 
given  to  the  test  requirements  of  the  FAA  requirements  (AC  33-1B)  for 
Turbine  Engine  Certification. 
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It  is  recommended  that  critical  systems  components  are  not  Installed 
in  the  leading  edges  of  wings  and  empennage  sections.  The  application 
of  the  FAA  eight-pound  bird  Impact  requirement  on  empennage  structure 
is  not  recommended  since  less  than  3%  of  the  bird  strikes  occur  on  the 
tail  sections.  It  is  recommended,  however,  that  consideration  be  given 
to  the  design  of  redundant  systems  located  aft  of  spars  for  fail-safe 
operation  in  the  event  a  bird  strike  should  occur.  The  systems  should 
be  spread  apart  to  preclude  the  possibility  of  a  single  bird  strike 
destroying  more  than  one  system. 

Conclusions  and  Pertinent  Findings 

1.  Because  of  a  lack  of  detailed  information  regarding  expected  design 
life  and  yearly  utilization  for  the  various  USAF  models  of  aircraft, 
it  was  virtually  impossible  to  establish  a  risk  factor  related  to 
bird  impact  for  all  aircraft. 

2.  The  probability  of  a  bird  strike  during  the  minimum  expected  life 
of  the  DC9  was  established  as  .226,  while  the  probability  of  a  bird 
strike  during  the  minimum  expected  life  of  the  USAF  equivalent  C9A 
was  estcblished  as  .643  . 

3.  Historically,  aerodynamics  have  been  the  prime  requisite  for  estab¬ 
lishing  the  lofted  shape  of  an  aircraft  nose.  Other  important 
features  that  should  be  emphasized  include  vision  requirements, 
optical  deviations,  optical  distortions,  bird  impact,  and  various 
coating  requirements  that  affect  1  ,'ght  transmission. 

4.  For  each  type  of  aircraft,  decisions  must  be  made  regarding  accept¬ 
able  failures  resulting  from  bird  impact  to  be  allowed  for  mission 

completion.  Vision  loss,  pressurization  loss,  loss  of  escape  pro- 

♦ 

visions  and  the  capability  of  the  windshield  to  withstand  an  add"*- 
tional  bird  Impact  are  initial  considerations. 

5.  All  future  aircraft  should  be  designed  for  minimum  takeoff  rolls 
and  maximum  climb  angles  to  3000  feet  to  minimize  exposure  to  birds 
during  takeoff. 


6.  Safe  operational  flight  speeds  should  he  established  through  verifi¬ 
cation  testing  for  the  impact  of  a  four  and  eight-pound  bird  and 
documented  ir.  the  Flight  Manual  to  assist  in  defining  operational 
procedures . 

7.  During  training  mission  planning  the  prevalence  of  local  birds  and 
migratory  bird  seasons  should  be  considered. 

8.  Below  8000  feet  (AGL)  it  is  recommended  that  USAF  flight  speeds  be 
restricted  similar  to  the  FAA  requirements  of  250  knots  maximum 
below  10,000  feet  for  commercial  aircraft, 

9.  Bird  impact  verification  testing  should  include  the  effects  of 
impacting  windshields/windows  with  allowable  defects,  including 
cracked  plies  and  safe  flight  speeds  established  and  documented  in 
the  Flight  Manual. 
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10.  The  costs  associated  with  bird  impact  verification  testing  of  the 
crew  compartment  windshield/windows  would  vary  between  $250,000  and 
$1,000,000  depending  on  the  complexity  of  the  design. 

11.  An  assessment  should  be  made  of  the  AFWL  flashing  anti-co1Hsion 
lights  and  the  best  Installation  considered  for  usage  on  any  new 
USAF  aircraft  designs. 

12.  Future  on-board  radar  systems  should  Include  the  capability  of 
recognizing  birds  during  flight. 

13.  The  design  and  procurement  of  flight  simulators  should  be  an  integral 
part  of  programming  for  any  new  USAF  aircraft. 

14.  Maximum  use  iiould  be  made  of  flight  simulators  during  Inclement 
weather  am?  heavy  bird  migration  periods. 

15.  During  the  design  of  future  USAF  aircraft,  other  critical  components 
such  as  engines  and  empennage  sections  should  be  designed  for  fail¬ 
safe  in  the  event  of  bird  ingestions  or  impacts. 
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SECTION  X 

CONCLUSIONS  AND  RECOMMENDATIONS 

This  report  is  a  presentation  of  the  problems  associated  with  bird 
hazards  to  aircraft  directed  tov;ard  defining  design  criteria  for  wind¬ 
shields  and  supporting  structure. 

It  was  found  in  the  CONUS  there  are  over  600  species  of  birds  with  a 
combined  total  of  twenty  billion  birds.  Apparently,  200  of  these 
species  are  regularly  involved  with  aircraft/bird  incidents.  The  most 
frequently  struck  birds  are  the  gulls,  ducks,  vultures,  pigeons,  hawks, 
and  the  perching  birds  (300  species). 

The  USAF  incident  reports  studied  for  the  years  1S65-1972  indicated  that 
50%  of  the  collisions  occurred  during  takeoff/landing,  22%  occur  during 
low-level  training  missions,  14%  occur  during  normal  flight  conditions, 
and  14%  of  the  collisions  occur  at  unknown  geographic  locations.  Spe¬ 
cific  altitudes  (AGL)  were  established  for  USAF  aircrar't/bird  collisions 
as  being  significant.  These  altitudes  and  aircraft/bird  collisions  were 
established  as  22%  up  to  100  feet,  60%  up  to  1000  feet,  90%  up  co  3000 
feet,  95%  up  to  5000  feet.  Less  than  5%  of  the  aircraft/bird  collisions 
occur  above  5000  feet,  with  less  than  2%  occurring  above  8000  feet. 

Since  1965  USAF  flight  crews  have  suffered  sev^n  fatalities,  five  major 
injuries,  and  26  reported  minor  injuries  due  to  bird  strikes.  The  USAF 
has  lost  at  least  sever,  high  performance  jet  trainers  and  fighter  type 
aircraft.  Repair  costs  since  1966  'or  the  USAF  aircraft  due  to  bird 
strikes  were  at  least  $20,000,000.  The  bird  strikes  since  1965  that 
identified  the  components  struck  showed  that  11. 56%  struck  the  wind¬ 
shields  and  canopies,  31.40%  were  ingested  in  the  engines,  25.11%  struck 
the  wings,  and  2.74%  scruck  the  empennage. 

The  average  number  of  bird  strikes  occurring  on  USAF  aircraft  during  the 
past  seven  years  (1966-1972)  was  determined  as  356  strikes  por  year.  Of 
this  total,  the  number  of  strikes  occurring  or.  the  crew  compartment 
enclosure  for  the  entire  USAF  fleet  averaged  29.;*  strikes  per  year. 
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A  model  was  developed  from  tne  data  for  three  selected  aircraft  (C9A, 

DCS,  and  F4)  to  depict  to  a  95%  confidence  level,  the  percentage  of 
component  frontal  area  versus  the  percentage  of  bird  strikes.  Three 
additional  aircraft  (B727,  A7,  arJ  A4)  were  selected  for  comparison 
that  tended  to  validate  the  model.  From  this  model  it  was  determined 
that  upward  of  33%  of  the  strikes  could  occur  on  the  crew  compartment 
enclosure. 

The  USAF  date  (1965-1972)  and  the  FAA  data  (1971-1972)  were  plotted  and 
curve  fitting  equations  developed  comparing  bird  weights  versus  cumu¬ 
lative  bird  strike  frequencies.  It  was  found  that  approximately  92%  of 
the  birds  weighed  less  than  four  pounds,  which  compares  with  the  94.5% 
as  developed  by  ICAO,  and  data  noted  in  Reference  23  and  27. 

The  same  USAF  and  FAA  data  were  treated  as  data  samples  and  analyzed 
using  descriptive  statistical  methodologies  and  normal  distribution 
theory.  It  was  concluded  that  the  average  bird  weight  taken  from  any 
future  sample  data  would  be  between  1.034  and  2.684  pounds.  Large 
sample  sizes  greater  than  600  should  show  an  average  bird  weight  of 
2.154  pounds.  It  was  assumed  that  between  0  and  each  median  the  weights 
represent  t  ]%  of  all  birds  struck  and  the  median  was  established  as  the 
50%  confidence  level.  Standard  deviations  were  calculated  from  the  two 
medians  and  upper  limit  of  the  FAA  estimated  median.  Subsequent 
calculations  were  made  to  establish  confidence  levels  for  four,  six  and 
eight-po  id  birds.  The  range  of  confidence  levels  for  these  bird 
weights  were  respectively  72.97%  to  83.22%,  93,85%  to  97.63%,  and  99.32% 
to  99.87%. 

Historic  data  revealed  no  catastrophic  failures  due  to  bird  strikes  on 
windshields/canopies  and  support  structures  that  were  designed  to  the 
FAA  requirements  for  Impact  of  a  four-pound  bird  at  Vc  speeds  at  sea 
level . 

A  comparative  analysis  should  be  made  of  the  windshields/windows  Install¬ 
ed  in  the  current  inventory  of  USAF  ilr craft  to  determine  ratings  for 


safe  flight  speeds  below  8000  feet  (AGL)  based  on  comparisons  to  known 
bird  impact  tested  windshields. 

Flight  Safety  and  Flight  Operations  Offices  should  treat  waterfowl 
migrations  with  the  same  respect  as  thunderstorms,  and  every  effort 
should  be  made  to  schedule  flights  to  avoid  areas  where  flocks  may  be 
expected  '.uring  migration  seasons.  Mission  planning  should  include 
complete  coordination  with  the  AFWL  Environics  Group  and  others  regard¬ 
ing  predictions  for  migratory  bird  movements.  To  minimize  the  frequency 
of  bird  strikes  on  present  aircraft  in  USAF  inventory  it  is  reconmended 
that  the  proposed  interim  and  unique  criteria,  presented  in  Section  V, 
be  adopted  and  implemented  whenever  possible. 

For  all  flights  and  low-level  training  missions,  unique  criteria  for 
current  USAF  aircraft  should  include  minimum  take-off  rolls  and  maximum 
climb  angles  to  3000  feet  altitude  (AGL),  and  maintain  flights  above 
3000  feet  altitude  to  reduce  the  chance  of  bird  impact  by  upward  of  90%. 

It  is  recommended  that  the  windshields/windows  and  support  structure  be 
designed  to  withstand  the  impact  of  a  four-pound  bird  at  maximum  opera¬ 
tional  true  airspeed,  plus  60  knots,  which  can  be  achieved  up  to  8000 
feet,  and  as  required,  be  verification  vested  to  environmental  tempera¬ 
tures  including  the  effects  of  aerodynamic  heating.  Each  transparency 
located  where  critical  fragmentation  would  injure  the  pilot  and  crew 
shall  be  tested  to  show  that  fragment-tion  is  of  such  low  order  as  to 
not  cause  injury  to  the  crew.  The  loss  of  total  vision  area  shall  be 
limited  to  50%  and  structural  damage  shall  not  prevent  the  mission 
completion. 

The  windshield/windows  and  supporting  structure  should  be  verification 
tested  with  a  four-pound  bird  at  the  maximum  speed  possible  that  would 
not  result  in  injury  to  the  pilot  and  crew.  The  speed  obtained  should 
be  reduced  by  a  factor  of  1.414,  less  60  knots,  and  the  aircraft  plac¬ 
arded  for  a  safe  speed  when  flying  below  8000  feet  (AGL)  during  migra¬ 
tion  season  of  heavir.r  birds  such  as  the  Canada  Goose. 
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For  each  type  of  aircraft,  decisions  must  be  -sade  regarding  acceptable 
failures  resulting  from  bird  impact  to  be  allowed  for  mission  completion. 
Vision  loss,  pressurization  loss,  loss  of  est.'ipe  provisions  and  the 
capability  of  the  windshield  to  withstand  an  additional  bird  impact  are 
initial  considerations. 

Since  less  than  3%  of  all  bird  strikes  occur  on  the  empennage,  the  FAA 
requirement  for  withstanding  the  impact  of  an  8-pound  bird  seems  exces¬ 
sive.  However,  because  of  fall-safe  requirements  regarding  controls 
necessary  to  flight  safety,  consideration  should  be  givsn  to  a  require¬ 
ment  of  withstanding  a  4-pound  bird  at  maximum  speed  expected  up  to 
8000  feet. 

In  an  effort  to  reduce  the  50%  frequency  of  bird  strike  occurrences  on 
takeoff  and  landing,  it  is  recommended  that  each  air  base  determine 
those  elements  that  attract  birds  to  the  air  base,  and  jointly,  with 
representatives  from  AFWL,  eliminate  these  undesirable  elements.  Canada 
has  clearly  shown  that  the  reduction  of  attractions  for  birds  around 
airdromes  has  greatly  reduced  the  frequency  of  bird  collisions  and  the 
costs  of  repairs  to  both  military  and  civil  aircraft. 

Based  on  the  vast  amount  of  radar  bird  studies  that  have  been  accom¬ 
plished  during  the  past  10  years  in  North  America,  it  is  recommended 
that  the  USAF  irimediately  establish  bird  warning  systems.  The  CONUS  is 
saturated  with  USAF  radar  installations,  including  CORAD,  that  should 
be  integrated  into  a  total  bird  warning  system.  Prior  to  the  fall  migra¬ 
tions,  sometime  in  August,  CORAD  units  along  the  Canadian  border  should 
establish  contact  with  the  Canadian  radar  bird-tracking  groups.  Each 
time  the  Canadian  groups  observe  bird  movements,  CORAD  should  be  noti¬ 
fied.  CORAD  should  track  the  flocks,  determine  local  weather  conditions, 
b-*rd  flight  directions,  and  contact  USAF  radar  stations  so  that  the 
birds  could  be  tracked  to  their  final  destinations.  Flight  and  Flight 
Operations  Officers  at  the  USAF  bases  enroute  should  be  notified  of  the 
migrations  so  that  flight  schedules  could  be  adjusted  to  reduce  the  bird 
strixe  potential.  The  AFWL-Ecosys terns  group  should  be  informed  of  these 
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migrations  and  weather  conditions,  and  given  all  known  pertinent  facts 
so  that  a  bird  map  could  be  developed.  It  is  highly  recommended  that 
the  present  radar  systems  be  utilized  and  local  radar  operators  trained 
to  recognize  bird  movements  on  their  radar  sets.  Aircraft  crews  in  the 
area  should  be  notified  of  pending  bird  hazards. 

It  is  recommended  that  additional  studies  be  conducted  and  development 
accomplished  for  on-aircraft  radar  systems,  and  radar  bird-tracking  and 
prediction  systems.  An  assessment  of  the  value  of  strobe  lights  on  air¬ 
craft  as  a  means  of  detering  birds  is  also  recommended,  as  is  the  devel¬ 
opment  of  other  mechanical  devices  that  could  be  used  to  reduce  bird 
hazards  to  aircraft. 

It  is  recommended  that  those  USAF  squadrons  hav’ng  strobe  lights 
installed  on  their  aircraft,  attempt  to  determine  if  the  birds  recognize 
the  lights  and  change  their  flight  direction.  Whenever  possible  the 
crew  should  report  the  altitude  (AGL)  at  which  the  birds  are  observed; 
the  approximate  size  of  the  bird;  the  type  of  bird  if  it  can  be  recog¬ 
nized;  and  the  number  of  birds  in  the  group.  When  flocks  of  migratory 
birds  are  known  to  be  in  an  area,  it  is  suggested  that  training  missions 
include  a  cautious  rendezvous  with  these  flocks  in  an  attempt  to  deter¬ 
mine  the  distance  the  birds  can  recognize  the  strobe  lights  and  observe 
the  birds'  reactions.  A  documented  report  should  be  prepared  each  time 
birds  are  observed.  It  should  be  submitted  to  the  AFWL-Environics  group 
so  that  future  assessments  of  strobe  lights  can  be  made. 

Historically,  aerodynamic  considerations  have  been  the  prime  requisites 
for  establishing  the  shape  of  an  aircraft  nose.  Other  important  fea¬ 
tures  that  should  be  emphasized  during  design  include  vision  require¬ 
ments,  optical  deviations,  optical  distortions,  bird  impact,  and  various 
coating  requirements  that  affect  light  transmission. 

It  is  recommended  that  the  USAF  Office  of  Operational  Analysis  and  the 
Defense  Mapping  Agency  Aerospace  Center  develop  future  training  routes 
and  flight  altitudes  that  will  minimize  bird  strikes.  Flights  during 
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October-November  should  be  kept  to  a  minimum. 

Below  8000  feet  (AGL)  it  is  recommended  that  USAF  flight  speeds  be 
restricted  similar  to  the  FAA  requirements  of  250  knots  maximum  below 
10,000  feet  for  commercial  aircraft. 

The  design  and  procurement  of  flight  simulators  should  be  an  integral 
part  of  programming  for  any  new  USAF  aircraft.  Maximum  use  should  be 
made  of  these  flight  simulators  during  inclement  weather  and  heavy  bird 
migration  periods. 

During  the  design  of  future  USAF  aircraft,  other  critical  components 
such  as  engines  and  empennage  sections  should  be  designed  for  fail-safe 
in  the  event  of  bird  ingestions  or  impacts. 

USAF  bird  Impact  verification  test  reports  in  the  future  should  Include 
the  following:  a  description  of  the  windshields/windows  tested;  a 
description  of  the  windshield/window  support  structure  including  section 
properties;  type  of  edge  attachment;  true  angle  between  the  surface  of 
the  test  specimen  and  the  path  of  the  bird;  maximum  deflection  at  the 
point  of  impact;  failure  mode,  if  any;  damage  to  the  anthropomorphic 
dummies;  temperature  of  test  specimen  and  ambient  temperature;  and  speed 
and  weight  of  the  bird.  During  any  series  of  bird  impact  tests,  sjffi- 
cient  data  should  be  collected  for  subsequent  study  that  could  lead  to 
the  establishment  of  design  criteria  for  bird  impact  requirements.  Per¬ 
haps  this  could  ultimately  eliminate  the  need  for  extensive  bird  impact 
verification  testing. 
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